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C~[APTER 1. GENERAL INTRODUCTION A►ND THESIS ORG~~~IZATION 
GENERAL INTRODUCTION A►ND THESIS ORG~►~~TIZATION 
The "unglaciated" Upper Mississippi River Valley in northeast Iowa, northwest 
Illinois, southeast Minnesota and southwest Wisconsin is unique in that the surface 
landforms were not modified by the last glaciation and are dominated by steeply dissected 
bedrock. Steep slopes and stream valleys with thin loess characterize the area's topography. 
Soils of this region are highly productive, but erosion is a serious threat to long-term 
productivity and has long been considered as the principal agricultural management concern 
in this region (Soil Conservation Service, 1981). 
Multi-disciplinary integrated agriculture system studies have been conducted at the 
watershed scale in this area of the northern Mississippi River Basin in Lancaster Wisconsin, 
for several years. The states involved include Iowa, Minnesota, Illinois, and Wisconsin 
along with the USDA Soil Tilth Laboratory. 
Two goals of these efforts have been developed; methods for assessing sustainability 
and optimize farming systems rather than maximizing single component farming practices. 
The overall objective of the NC-15 7 regional committee working in this area has been to 
quantify how more diversified farming systems can protect the environment, preserve 
animal and plant resources, and sustain the economic viability of the farmers in this area. 
Environmental and economic concerns have been a central focus of many research 
activities in this region. Management practices must be economically viable, and because of 
the fragile ecosystem, must preserve the soil and water resource. This area's topography is 
particularly suited to animal agriculture that relies on pastures and forage production. 
Concurrently, row crop agriculture seems an economic necessity even though traditional 
production methods push the limits of environmental stewardship. Ideally, farming systems 
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for this region should efficiently integrate row crop agriculture with animal production 
systems. 
Recent research indicates that row crop production, especially corn, might be made 
considerably more environmentally friendly with use of a kura clover (Trifolium ambiguum 
M. Bieb.) living mulch (Albrecht et al., 1999; Zemenchik et al., 2000). The combination of 
corn and clover fits well with integrated row crop/animal enterprises. This combination 
should be more environmentally friendly in terms of phosphorus and soil losses than 
conventional carn production; however, data are missing that could prove or disprove this 
hypothesis. 
The general goal of this research is to increase our knowledge regarding soil 
conservation and interspecies competition with corn-kura clover living mulch systems. This 
thesis contains three separate chapters. The first contains the general introduction and 
explanation of the thesis, and is followed by the literature review of the research topic. The 
second chapter addresses the first study conducted: Corn/kura clover living mulch effects 
on root growth patterns. The third chapter addresses a second study: Corn/kura clover living 
mulch effects on soil erosion, water runoff, and phosphorus losses. Chapters two and three 




Nitrogen and phosphorus from non-point agricultural sources have been identified as 
the most important nutrients affecting surface water quality in the USA (USEPA, 2000). 
Surface waters in many regions receive excessive nutrient inputs, stimulating aquatic plant 
growth and accelerating eutrophication (Sharpley et a1., 1994). Eutrophication is the process 
by which a body of water becomes rich in dissolved nutrients and deficient in dissolved 
oxygen (NRC, 1993). This process results in alga blooms that further reduce water clarity 
and impair the use of the water body for recreational fishing and drinking (Sharpley et al., 
1994; Busman et al ., 2002). Because some algae are able to utilize atmospheric nitrogen, 
phosphorus is the element that most frequently controls eutrophication (Sharpley et al., 
1994). Management of phosphorus in soil runoff water is a major factor controlling water 
quality. This suggests that reduction of phosphorus inputs from agricultural non-point 
sources to surface water resources should provide immediate benefits regarding 
eutrophication (Sharpley et a1., 1994; Pote et al., 1996). 
Phosphorus is a unique pollutant; it is an essential plant element, has low solubility, 
and is not toxic itself, but may have detrimental effects on water quality at quite low 
concentrations. In soils, phosphorus is almost entirely associated with soil particles 
(Busman et al., 2002). Pierzynski et al. (1990) reported that the total phosphorus 
concentration is generally higher in the soil clay-sized fractions than in larger size fractions. 
Pote et al. (1996) found a linear relationship between phosphorus soil test levels and 
dissolved reactive phosphorus concentration in the soil surface. The concentration of plant-
available phosphorus also tends to be higher in smaller soil aggregates than in the bulk soil 
(Maguire et al., 2002). 
Phosphorus loss from soils is a complex process, determined both by the nature of 
rainfall events and the soil management factors that affect runoff and erosion (Sharpley et 
al., 1994). This is particularly- true in regions with sloping lands in humid and sub humid 
row crop production areas. The phosphorus concentration in surface waters is determined 
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by a complex interaction of soluble phosphorus inputs and sorption-desorption reactions of 
phosphorus with sediments (Maguire et al., 2002). Rainfall interacts with a thin layer of 
surface soil, potentially dissolving surface layer phosphorus before leaving the soil as 
runoff water (Sharpley, 1985). Once phosphorus is absorbed by the soil, sorption and 
desorption may occur between water and sediment in the runoff water (Sharpley et al., 
1981). Erosion tends to transport smaller sized soil particles, those caarrying the most 
phosphorus. Thus, when runoff water enters a river or a lake, those sediments highest in 
phosphorus will be contained in that water (Busman et al., 2002). 
Soil erosion can strip away fertile topsoil and leave the soil less hospitable to plants, 
damaging both the area from which the soil is eroded and the area where sediment is 
deposited (Brown, 1985; NRC, 1993). Soil erosion not only degrades the soil resource, but 
also contributes greatly to water pollution. Slope gradient, soil condition, cropping system, 
and management practices are important factors that govern both soil erosion and sediment 
loss from a field (Brown, 1985). With appropriate management practices soil erosion can be 
minimized, and soil and water quality can be improved. Bundy et al. (2001) reported that 
management practices have a major influence on phosphorus losses in runoff in corn 
production systems, solidifying the link between management practices, soil erosion, and 
phosphorus losses in runoff water. 
An alternative corn cropping system with an established perennial forage cover could 
reduce soil erosion and phosphorus losses. Most dairy farmers grow a combination of grain 
and forages in rotation, which usually means an alfalfa-corn rotation in the unglaciated 
Northern Mississippi River Basin. However, during the years of corn production and the 
year of alfalfa establishment, soil loss can be unacceptably high. While soil losses during 
the years of established alfalfa are minimal, frequent replanting of the alfalfa may be 
required due to winter kill (Albrecht et al., 1999). In 1996 Albrecht et al. (1999) initiated 
research to develop and test a living mulch system for corn production, a system that would 
provide permanent ground cover throughout the year and protect the soil in a way which is 
similar to that observed in established alfalfa. 
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Living mulch can suppress weeds, reduce insect pests, increase water infiltration, 
reduce sail erosion and in the case of legumes, supply nitrogen (Martin et al., 1998 and 
Albrecht, 2002). Living mulches have been used in production of various cash craps, but 
suitable systems for row-crop production in the northern USA have not been developed 
(Albrecht, 2002). 
Unless suppressed, living mulches may interfere with growth and yield of the primary 
crop (Martin et al., 1998). Allelopathic effects due to root exudates could occur if 
allelochemicals from one plant exist in the root growth zone of another plant (Russell, 
1977). It is difficult, however, to separate allelopathic effects from competition because 
both can influence yield and growth of plants. Below ground competition may be indicated 
by root system segregation (Nobel, 1997). Different species may exploit different zones of 
the soil profile because of competition or allelopathic effects resulting in compensatory root 
growth (Harper, 1977; Russell, 1977). If the growth of one part of the root system is 
reduced or inhibited, the part experiencing more favorable conditions is frequently 
enhanced (Russell, 1977). 
Zemenchik et al. (2000) reported that with adequate herbicide suppression, kura 
clover (Trifolium ambiguum M. Bieb.) can be managed as a living mulch in corn with little 
or no corn whole-plant or grain yield reduction. They emphasized that kura clover left in the 
field after corn-silage harvest and particularly during crop establishment is able to provide 
substantial winter and spring ground cover due to its growth characteristics. They also 
added that kura clover will recover to full production within twelve months of herbicide 
application without replanting and has long term persistence (Zemenchik et al., 2000). 
Kura clover is a nutritious and very persistent pasture plant in alpine grasslands of the 
Caucasus and Armenia (Langer and Hill, 1991; Townsend, 1985). This species is capable of 
spreading through a system of rhizomes, which produce new plants along their course 
(Langer and Hill, 1991). Kura clover is adapted to cold climates and tends to be more 
productive and more competitive in cooler than in warmer climates due its heavy deep root 
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biomass (Taylor, 1995). Suppression of kura when used as a living mulch can prevent 
delayed corn seedling development (Martin et al., 1998). Suppression presumably reduces 
competition between the two species. The mode of reduced competition, however, is not 
known. Does the suppression result in less competition above ground or in the root zone, or 
possibly bath positions? The possible impact of kura clover on root growth has not yet been 
investigated. Therefore the first study's objective was to investigate the potential effect of 
kura clover living mulch management on corn and kura clover root growth. 
Zemenchik et al. (2000) reported normal corn yields with a kura clover living mulch. 
However, they believe that there are many management questions to be investigated. The 
kura clover living mulch system in corn could be largely Nself-sufficient, and it may leave 
less opportunity for weed invasion. The system could result in year-round groundcover, 
require less tillage, and reduce soil erosion. Implicitly, this living mulch system should 
result in low soil erosion losses. Comparative erosion studies, however, for this particular 
crop production system are needed. Therefore, the objective for the second's study was to 
compare sediment loss and water runoff associated with a clean tillage corn production 
system vs. a kura clover living mulch —corn production system. 
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C~tAPTER 2. CORN/KI:tIZA CLOVER LIVING MULCH EFFECTS ON ROOT 
GROWTH PATTERNS 
A paper to be submitted in the Journal of Crop Science 
Krisztina Eleki 
ABSTRACT 
Kura clover has shown good potential as a living mulch for corn production, although 
interspecies competition remains a challenge. Understanding the mode of competition, i.e. 
above ground or in the root zone, is critical for developing best management practices for 
optimum corn yield. The objective of this study was to determine kura clover living mulch 
management effects on corn and kura clover root growth patterns. Two kura clover 
management treatments were compared. In the first a 25-cm band centered on the corn row 
was suppressed with herbicides. In the second a broadcast application of herbicides 
suppressed all kura clover growth. Soil cores containing both corn and kura clover roots 
were obtained at three distances from the corn row and at two depths. Corn, a C4 species, 
and kura clover, a C3 species, root discrimination from these cores was based on 13C ratio 
analysis. There was a strong linear relationship (R2=0.99) found in delta 13C vs. percentage 
corn roots in calibration samples. This relationship was used to determined corn root 
percentages within each field core. There were significant corn and kura clover root density 
depth effects. Corn root density differences were significant between positions however 
significant root growth pattern differences were not observed between treatments. Kura 
clover management in this study did not affect corn root growth sufficiently to affect corn 




The Upper Mississippi River Valley, including northeast Iowa, is characteristically an 
unglaciated area with steeply dissected bedrock and a shallow soil resource base. Steeply 
sloping croplands are highly erodible and recent crop management practices have resulted 
in soil degradation and surface water nutrient enrichment (Soil Conservation Service, 
1981). 
Characteristically most dairy farmers grow a combination of grain and forages to 
balance their dairy rations. This usually means a crop rotation including alfalfa and corn. 
During the years of corn production and the year of alfalfa establishment, soil erosion losses 
can be unacceptably high. Thus, soil erosion with this rotation continues to threaten the 
soil's long-term productivity and surface water quality. This occurs even though soil losses 
during the years of established alfalfa are minimal. An additional challenge is that alfalfa 
may require frequent replanting due to winterkill in this region (Albrecht et al., 1999}, 
resulting in additional soil loss in the establishment period. 
An alternative corn cropping system with continuous forage cover could provide 
greater soil-conserving benefits than those of the typical corn/alfalfa rotation system 
(Albrecht, 2002). Living mulches can suppress weeds, reduce insect pests, conserve soil 
moisture, increase water infiltration, reduce soil erosion, and in the case of legumes supply 
nitrogen (Martin et al., 1999; Albrecht et al., 1999). 
Unless suppressed, living mulches may interfere with growth and yield of the primary 
crop (Martin et al., 1999). Allelopathic effects due to root exudates could occur if 
allelochemicals from one plant exist in the root growth zone and are available to another 
plant (Russell, 1977). It is difficult, however, to separate allelopathic effects from 
competition because both can influence yield and growth of plants. Belowground 
competition may be indicated by root system segregation (Nobel, 1997). Different species 
may exploit different zones of the soil profile because of competition or allelopathic effects, 
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resulting in compensatory root growth (Harper, 1977; Russell, 1977}. If the growth of one 
part of the root system is reduced or inhibited, the other part experiencing more favorable 
conditions is frequently enhanced (Russell, 1977). 
In 1996 Albrecht et al. (1999) initiated research to develop and test a living mulch 
system for corn production that would provide permanent ground cover throughout the year 
and protect the soil similar to that observed in established alfalfa. This system included kura 
clover (Trifolium ambiguum M. Bieb.) as a living mulch in which the corn crop is planted. 
Kura clover is a very persistent perennial rhizomatous forage plant adapted to cold 
winters due to its deep root biomass (Taylor 1995; Langer and Hill, 1991). Kura clover 
persistence characteristics for a living mulch system are very favorable. However, potential 
above and belowground competition with the primary crop must be considered in 
developing the most appropriate management of this species. 
Zemenchik et al. (2000) reported that with adequate suppression, kura clover can be 
managed as a living mulch in corn with little or no corn whole-plant or grain yield 
reduction, at least in some years. They emphasized that kura clover left in the field after 
corn-silage harvest and particularly during crop establishment is able to provide substantial 
winter and spring ground cover due to its soil covering properties. They also added that 
kura clover will recover to full production within twelve months of corn harvest, without 
replanting, and that this living mulch has long term persistence (Zemenchik et al., 2000). 
Limited research suggests a key to making this system work is to suppress kura clover 
enough to minimize above ground competition during corn plant establishment, but also to 
get sufficient cover recovery by early autumn to provide groundcover over the winter and 
the following spring (Albrecht, 2002). 
Suppression of kura clover can prevent above ground competition that results in 
delayed corn seedling development (Martin et al., 1999). However, the possible impact of 
kura clover root growth on corn root growth and competition for water and nutrients is less 
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obvious and has yet to be investigated. These effects could substantially affect corn yield 
under conditions when above ground competition has been eliminated or minimized. An 
ideal living mulch would have minimal impact on corn root growth and on nutrient and 
water uptake patterns. The objective of this study was to investigate two kura clover living 
mulch management treatment erects on corn and kura clover root growth. 
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MATERIALS AND METHOD S 
This study was conducted within the Upper Mississippi River Valley at the University 
of Wisconsin, Lancaster Agricultural Research Station (lat., 42°50; Iong., 90°47'; elev., 325 
m} on a Rozetta silt loam soil (moderately well drained, superactive, mixed, mesic Typic 
Hapludalf). Mean annual precipitation is 762-mm (30 inches), mean annual temperature is 
7.7°C (46 °F). 
The experiment started in May 2000. The site previously contained a monoculture 
stand of kura clover where forage harvesting equipment moved through the area three times 
per year for the three years before sampling. During the sampling year the only traffic was 
the four-row corn planter and associated tractor. 
The experiment was arranged in a randomized split plot design with four replications. 
Plots contained 8-m long 4 corn rows with 76-cm row spacing. Liberty Link Corn 
(glufosinate-resistant) planted into the established kura clover stand that was (1) highly or 
(2) lightly suppressed. Therefore the first treatment will be called "highly suppressed" 
meanwhile, the second treatment "lightly suppressed" . In the lightly suppressed treatment 
the herbicide application resulted in approximately 90% kill of the above ground kura 
clover vegetation in a 25-cm wide band over the row to aid corn establishment. In the 
highly suppressed treatment the herbicide treatment resulted in a 90% kill of kura clover 
above-ground vegetation. 
Glyphosate was applied for preplant broadcast suppression at a 2.3 L ha 1 rate in the 
lightly su ressed lots and a 4.6 L ha 1 rate in the hi hl su ressed lots. Dicamba as pp p g Y pp p 
preplant broadcast was applied at a full, 280 g ha 1 rate in the highly suppressed plots. 
Dicamba at an 1120 g ha 1 rate plus clopyralid at a 140 g ha 1 rate was applied in 25-cm 
bands centered on the corn row position to suppress a strip of kura clover in all living mulch 
plots. This strip provided spatial separation between the emerging corn and the recovering 
kura. Glufosinate at 1960 g ha 1 was applied for postemergence kura clover suppression and 
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control of other weeds. All glufosinate applications included 3.35 kg ha 1 ammonium sulfate 
as well (Affeldt et al., in press). Preplant applications were made immediately before 
planting. Band herbicide applications were made immediately after planting and glufosinate 
applications were made when corn reached the V3 stage. 
Glyphosate (Roundup) is a systemic herbicide that kills most plants but it is not 100% 
effective on legumes and plants with rhizomes. It was found that it injures but does not kill 
kura clover. Gluphosinate (Liberty) is a contact herbicide that burns back above ground 
parts of most plants including kura clover. However, it does not directly damage roots or 
parts of the plant that it does not touch. Liberty Link corn is resistant to glufosinate so 
application of this herbicide selectively suppresses but does not kill kura clover in the 
mulch system. The rates use for this study was based on previous observations (Zemenchik 
et al., 2000). 
Soil and root samples were obtained with an Upland core sampler in July 2000 when 
corn was approximately 220 to 240-cm tall. Soil core size was 7.5 -cm high by 7.5 -cm 
diameter. Five subsamples were obtained from random locations associated with each 
position and depth in each plot. Position refers to samples taken in the corn row and at two 
inter-row positions (19 and 3 8-cm from the row). Samples were taken at two depths at each 
of these positions: 2.5 to 10 cm and 12.5 to 20 cm. If random subsampling location within 
the row corresponded with a corn plant, the subsampling location was moved to the side of 
the plant within the row. All four replication were sampled. 
The core .samples were transported to a cold storage room at Iowa State University 
and were stored at 4 °C. Each core sample was analyzed for bulk density based on weight of 
oven dry soil material in each care and the known volume of the core (347.5 cm3). The core 
samples were weighed on a Tara balance, subsampled and the subsamples were weighed on 
a Tara balance, oven dried at 105 °C, and reweighed to determine the water content of the 
subsample. The portions of the cores remaining after bulk density subsampling were saved 
for root extraction and measurement. 
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13C ratios were used to determine the percentage of corn roots (C4 species) and 
percentage of kura clover roots (C3 species) within each sample. O'Leary (1988) reported 
that there is a clear distinction between C3 and C4 plants in the 13C/12C ratio found in the 
plant material of each species type. Therefore, 13C analysis has become a standard test for 
deternuning the pathway of CO2 fixation. 
Percentages of 13C were determined on a mass basis. To test the validity of this 
procedure, corn roots and kura clover roots were obtained from pure stands of each species 
on the border of the plot area. These calibration samples were dried at 60°C, ground through 
a 60-mesh screen, allowed to equilibrate to room humidity, weighed to create five mixtures 
of known percentages of corn and kura clover roots, and thoroughly mixed. Mixture ratios 
were (corn: kura clover) 10:90, 30:70, 50:50, 70:30, and 90:10. Samples of pure corn roots 
and pure kura clover roots were also analyzed. 
A linear regression of "minus Delta 13C" on corn root percentage was developed from 
these calibration samples. This linear relationship (Figure 2.1) was utilized to determine the 
percentage corn roots found in field obtained sample. An isotope analysis was conducted 
far each field obtained sample and the "minus Delta 13C" value was inserted into the linear 
equation resulting from the isotope analysis of the known ratios to determine percentage 
corn roots in each field sample. Based on total root mass found in each sample, the root 
mass originating from corn and that originating from the kura clover roots was calculated 
for each position and depth. 
Samples were prepared for 13C root distribution analysis as follows. Separation of 
roots from sail was done using a hydro pneumatic root elutriator (Smucker et al., 1982) 
using 93 0-µm screen size. Roots were sorted from non-root and dead-root fractions material 
based on the color of the cortex (Tufekcioglu et al., 1999). Live roots were whitish or pale-
colored, elastic and were free of decay. Dead roots were brown or black, broke easily, and 
were in various stages of decay. 
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The live roots materials were oven dried at b5 °C in paper coin envelops, and after 
desiccation weighed with a Metler analytical balance. Root mass estimates were based on 
the total mass of coin envelopes and root sample, minus an average coin envelope mass. 
Average coin envelope mass was determined by measuring the average mass of 40 
randomly selected envelopes. Root materials were measured within envelopes so they could 
be oven dried and desiccated. Root mass mean estimate was 0.28 g (standard deviatian 
O.b15) whereas paper envelope mean mass was 1.52 g with a standard deviation 0.027 g, 
which is approximately 10% of the corn and kura clover root mass. In 19 times with very 
low root sample mass this method resulted in small negative root mass numbers. These 
values were assigned a value of 0.0001 far analysis purposes and for statistical analysis the 
assigned numbers were average over the subsampling replications. 
Samples were ground through a Willey Mill, to pass a 1-nun screen. C~rround materials 
were allowed to equilibrate to room temperature and humidity. Representative samples 
were placed in tin capsules; the capsules were crimped and sent for 13C ratio analysis to UC 
Davis Stable Isotope Facility, where the analysis was done with Europa Scientific Integra 
instrument. 
The basic isotope measurement is the Ratio of 13C/12C where the ' 3C and 12C the 
number of atoms of C at mass of 13 and 12. The 13C isotope numbers are in delta notation, 
which is the standard representation of natural isotope ratios. The delta notation describes 
the deviation of the isotope ratio of the sample from the ratio found for a primary standard. 
The primary standard is a fossil carbonate deposit called Pee Dee Belemnite (PDB); this has 
been found to have a 13C/12C ratio of 0.0112372. Delta 13C equals 1000 ((Rsample/RPDB)-
1). Modern biological materials are depleted in 13C compared to PDB so typical delta values 
are negative (O'Leary, 1988). 
An analysis of variance procedure was used for statistical analysis. Differences in 
treatments were considered significant at a probability level of 0.05. 
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RESULTS AND DISCUSSION 
There was a strong linear relationship (R2=0.99) between delta 13C and percent corn 
roots in the calibration samples (Fig. 2.1). This relationship served as the basis for 
subsequent root percentage estimates in this paper and the strength of this relationship gives 
substantial confidence in those estimates. 
Fi re 2.1. Relationshi between delta 13C and the ercenta a of corn ~ p p g 
roots in the calibration samples of corn and kura clover root mixtures 









Bulk density ranged from 1.14-1.42 g cm 3 with an estimated mean of 1.25 g cm 3 for 
shallower and 1.29 g cm 3 for the deeper depth. Depth effect tested significant (P<0.05) 
with the 12.5 to 20-cm depth having a 0.042 g cm"3 higher density (Appendix A1). Position 
relative to the corn row was not significant (P<0.05), strongly suggesting that there was no 
wheel track effects on bulk density in the sampled area. Living mulch can add organic 
matter to soil which helps formation of stable aggregates, helping to loosen soil and 
improve soil structure, thus reducing bulk density. Living plant roots also loosen soil, 
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contributing to better soil structure and maintenance of an optimal bulk density. This may 
partially explain the lower density in the shallower depth where greater root growth 
occurred. Of greater importance is the lack of significant position effect on soil bulk density 
because bulk density of a given soil can have a significant effect on root growth. It is 
important to determine if this soil property is as a potential factor contributing to root 
positional growth differences that might be observed in this study. Thus, because there was 
no difference, bulk density probably did not affect root distribution and we can focus on the 
kura clover effects on corn root growth independent of possible soil bulk density effects. 
Corn and kura clover root mass for different distances and depths are shown in Table 
2.1. These values are averaged across the 5 sampling positions within all the 4 replicates 
(Appendix Al, A3). For corn and kura clover root mass statistical analysis data were log 
transformed, improving the random normality of the error residuals. 
Table 2.1. Corn and kura clover root mass for different distances and depths 
Distance from Row (cm) 
Crop Treatment Depth (cm) 0 19 38 
g x 10"3 cm j
Corn Heavily 2.5-10.0 1.401 0.29 0.28 
12.5-20.0 0.17 0.25 0.18 
Lightly 2.5-10.0 0.35 0.26 0.27 
12.5-20.0 0.27 0.06 O. I7 
Kura clover Heavily 2.5-10.0 1.03 1.61 1.53 
12.5-20.0 0.12 0.38 0.24 
Lightly 2.5-10.0 0.24 0.3 8 0.59 
12.5-20.0 0.28 0.06 0.20 
fiValues are average of 20 cores from subsampling locations for each position across four replications 
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Depth effects on corn root growth tested significant (Table 2.2). Total living corn root 
mass was greater in the 2.5 to 10-cm than in the 12.5 to 20-cm depth at each position and 
distance from the row (Table 2.1). 
This observation is supported by Barber's observation (1971}, which helps validate 
these study methods. With normal growing conditions, corn root growth typically decreases 
with depth. At the shallower depth, maximum root growth 1.40 g cm"3 x 10"3 was observed 
in the corn row in the heavily suppressed treatment. At the lower depth the highest observed 
corn root mass 0.35 g cm 3 x 10"3 was observed in the lightly suppressed treatment in the 
corn row as well (Table 2.1). 
Corn root growth as affected by distance from the corn row tested significant as well 
(Table 2.2). Least square means, LSM differences show that significant (P<0.05) distance 
effect resulted from differences between position 0 and 38 cm. The lowest average corn root 
growth was observed in the lightly suppressed treatment 19-cm from the row in the 12.5 to 
20-cm depth (Table 2.1). 
Table 2.2. Statistical analysis for corn root mass 
Effect 
Num Den 
DF DF F Value Pr > F 
Treatment 1 6.26 0.89 0.3 798 
Distance 2 32.2 3.71 0.0354* 
Treatment x distance 2 3 2.2 0.96 0.3 93 5 
Depth 1 3 0.3 9.80 0.003 8 
Treatment x depth 1 3 0.3 0.02 0.8980 
Distance x depth 2 30.7 0.53 0.5952 
Treatm x distant x depth 2 3 0.7 2.47 0.1012 
* significant at P<0.05 level of probability 
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Table 2.3. Statistical analysis for kura clover root mass 
Effect 
Num Den 
DF DF F Value Pr > F 
Treatment 1 6.11 3.3 6 0.115 7 
Distance 2 31.5 0.19 0.8276 
Treatment x distance 2 31.5 3.08 0.0599 
Depth 1 3 0.1 10.66 0.0027 
Treatment x depth l 3 0.1 0.97 0.3 317 
Distance x depth 2 30.4 0.06 0.9453 
Treatm x distanc x depth 2 3 0.4 0.80 0.45 87 
* significant at P<0.05 level at probability 
As with corn there was a significant depth effect (P<0.05) on kura clover root mass 
(Table 2.3). Greater kura clover root growth existed in the 2.5 to 10-cm depth increment. In 
the lightly suppressed treatment, however, the deeper depth's environment resulted higher 
kura clover root mass than the shallower depth. The greatest and smallest average kura 
clover root density occurred at the position 19-cm from the corn row; the greatest in the 
shallower depth in the heavily suppressed treatment and smallest in the deeper depth in the 
lightly suppressed treatment (Table 2.1). 
Bulk density differences between depths, and these potential impacts on root growth 
resistance, could play a role in the observed kura clover and corn depth effects on observed 
root mass. Absence of bulk density position effects, however, suggests the observed corn 
root density position effect is not a bulk density induced phenomena. ~Ve must also be 
aware that with distance from the plant stem, especially for corn, root mass naturally 
decreases. Because of heavy rhizome growth of kura clover, this relationship is more 
difficult to establish, even under conditions of little root growth impedance. 
The different kura clover treatments did not significantly affect corn root mass (Table 
2.2); position effect for corn root mass was significant, however the position x treatment 
interaction was not significant. The change in corn root mass between positions 0-3 8 was 
apparently not affected by the different kura clover treatments. 
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Position effects on kura clover root mass were not significant (Table 2.3). This result 
suggests two potentially important management implications. 1) The more intense corn root 
growth in the row did not significantly affect kura clover root growth at this position. 2) 
Above ground herbicide suppression did not significantly affect below ground growth. 
Table 2.1 shows that for the lightly suppressed treatment and 2.5 to 10-cm depth, kura cover 
root mass increased quite consistently as we move from the row to the inter row (the 
unsuppressed area). With heavy suppression, this trend is less evident. 
These contrasting trends, while numerically noticeable, did not support a significant 
treatment by distance interaction (Table 2.3). It is emphasized though that the probability 
level for this interaction was 0.06 with our acceptance level at 0.05. This is mentioned 
because a significant interaction would indicated the above ground suppression treatment 
also affected the below ground root mass distribution. The absence of interaction suggests 
only the above ground kura clover plant biomass was affected by suppression. With no 
significant suppression management effect on root growth, any suppression management 
impacts on corn grain yield must be attributed to changes in above ground competition, and 
not changes in kura clover root growth. 
Herbicide suppression occurred appro~mately three months prior to taking core 
samples. Perhaps the trends in kura clover root growth mentioned above are indications that 
root growth was being affected, and that more time (or possibly more replication) between 
herbicide application and core sampling might illustrate statistically significant effects. This 
is conjecture at this time, however the marginal statistical significance test for kura clover 
root mass treatment by distance interaction can not be ignored. 
Significant yield differences were observed between treatments on these plots; corn 
whole-plant yield ranged from 17.3 to 19.9 Mg ha'l, corn grain yield ranged from 10.8 to 
12.3 Mg ha 1 and both were greater in the heavily suppressed kura clover treatment (Affeldt 
et al., in press). Previous studies with this system also show that early adequate suppression 
of living mulch could minimize corn yield reduction (Zemenchik et al., 2000). 
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This study did not provide evidence indicating possible corn yield reduction can be 
attributed to factors that altered corn root growth patterns. That is, yield differences 
occurred between systems and corn root growth differences did not exist. The most likely 
cause of corn yield reduction observed in the living mulch systems with inadequate 
suppression is above ground competition, or possible competition for water in below 
normal rainfall years —a factor untested in this study. 
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CONCLUSIONS 
13C isotope analysis was a suitable method to discriminate corn and kura clover root 
materials obtained from soil in which both crops were growing concurrently. The method 
detected expected root growth patterns, i.e. reduced corn root mass with depth and distance 
from the plant, while also detecting varying amounts of kura clover roots in samples. 
Neither corn root mass nor corn root mass distribution was affected by kura clover 
suppression methods. Concurrently, the two different suppression treatments failed to cause 
a significant difference in kura clover root growth distribution. 
Corn yield reductions observed with lightly suppressed kura clover treatment 
compared to heavily suppressed could not be attributed to factors that result in corn root 
growth pattern changes. 
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C~[APTER 3 . CORN/Kt;TRA CLOVER LIVING MULCH EFFECTS ON SOIL EROSION, 
WATER RUNOFF A,ND PHOSPHORUS LO S SE S 
A paper to be submitted in the Journal of Soil and Water Conservation 
Krisztina Eleki 
AB STRA.CT 
Kura clover has shown good potential as living mulch for corn production, and 
implicitly for preventing soil erosion. However, a comparative sediment and runoff 
measurement in this cropping system has not been made. The objective of this study was to 
determine kura clover living mulch effects on sediment loss, and runoff and phosphorus 
losses. Two treatments were compared: a conventionally tilled monoculture corn system 
and a no-till corn-kura clover living mulch cropping system. Passive infield sediment and 
runoff collectors were placed on 8-9% slime and samples were obtained during natural 
rainfall and runoff events. Nine rainfalUrunoff events were used for this study. The kura 
clover living mulch treatment averaged across the nine dates significantly reduced the 
quantity of sediment collected. For the rain events during the summer, the .conventionally 
tilled corn treatment had average sediment losses that ranged from approximately 8 t 20 
times greater than that for the kura clover living mulch treatment. Runoff, unlike sediment 
loss, was not significantly affected by treatment, but was affected by date. Runoff patterns 
were similar for both treatments throughout the period and total sediment lasses remained 
less than 1 Mg ha 1 for both treatments. Treatment effects were not significant for total or 
dissolved P when the analysis was conducted across all sampling dates. Losses observed for 
bath systems followed similar patterns for much of the year and were within the range of 
phosphorus losses reported in other studies. When data were segregated as surruner and 
winter events, treatments significantly affected total phosphorus losses in the winter 
months, but not soluble phosphorus losses. The net effect of the kura clover living mulch 
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Nitrogen and phosphorus from non-point agricultural sources have been identified as 
the major nutrients affecting surface water quality in the USA (LJSEPA, 2000). Surface 
waters in many regions receive excessive plant nutrient enrichment stimulating aquatic 
plant growth and accelerating cultural eutrophication (Sharpley et al., 1994). 
Phosphorus is a unique pollutant; it is an essential element, has low solubility, and is 
not toxic itself, but may have detrimental effects on water quality at quite low 
concentrations. The phosphorus concentration in surface waters is determined by a complex 
interaction of inputs of soluble phosphorus and sorption-desorption reactions of phosphorus 
Wlth sediments (Maguire et al., 2002). Phosphorus loss from soils is a complex process, 
determined both by the nature of rainfall events and the soil management factors that affect 
runoff and erosion (Sharpley et al., 1994). This is particularly true in regions with sloping 
lands in humid and sub humid row crop production areas. 
Soil erosion can strip away fertile topsoil and leave the soil less hospitable reducing 
the soils crop productivity both in the area from which the soil is eroded and the in area 
where sediment is deposited (Brown, 1985., NRC, 1993). Therefore, soil erosion not only 
degradates the soil resource, but also contributes to water pollution by sediment bound 
phosphorus. Slope gradient, soil condition, cropping system and management practices are 
important factors that govern both field erosion and sediment loss from a field (Brown, 
1985). Generally, this water impairment phenomenon can be reduced by appropriate tillage 
and crop production systems, one of which is use of living mulch. 
Recently, kura-clover use as a living mulch in corn production was successfully 
demonstrated (Zemenchik et al., 2000). Living mulches are plants intercropped with a cash 
crop. Living mulch can suppress weeds, reduce insect pests, and in the case of legumes, 
supply nitrogen to the cash crop. Living mulches also decrease erosion, particularly during 
corn establishment. 
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Kura clover is along-lived, rhizomatous, multiple-use, low-growing perennial legume 
adapted to long cold winters. Zemenchik et al. (2000) reported that with adequate 
suppression, kura clover can be managed as a living mulch in corn with little or no corn 
whole-plant or grain yield reduction. The clover will recover to full production within 
twelve months of corn production without replanting. Zemenchik et al. (2000) also added 
that kura clover left in the field after an autumn corn-silage harvest provides substantial 
winter and spring ground cover to protect the soil. 
The kura-clover living mulch system has potential for reducing soil erosion losses and 
improving water and soil quality. However, no comparative erosion study for this crop 
production system has been done. The objective of this research was to compare sediment 
and phosphorus losses and water runoff associated with conventional tillage corn 
production versus a no-till kura clover living mulch —corn production system. 
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MATERIALS A►ND METHOD S 
This study was conducted within the Upper Mississippi River Valley at the University 
of Wisconsin, Lancaster Agricultural Research Station (lat., 42°50; long., 90°47'; elev., 325-
m) on a Rozetta silt loam soil (moderately well drained, superactive, mixed, mesic Typic 
Hapludalf). Mean annual temperature is 7.7°C. The average annual precipitation of the area 
is 762-mm from which 508-mm falls during the growing season. 
Kura clover was planted in 1999 covering all plot areas. Four plots were established 
with dimensions approximately 9-m by 9-m with slopes 7.9% to 8.8%. The experimental 
was arranged in a randomized complete block design with two replications. Two treatments, 
conventionally tilled corn and no-till kura clover living mulch-corn were established on this 
area in May 2001. 
For the conventional tillage system kura clover was spring sprayed with Clopyralid, 
followed by spring chisel plowing, culti-mulching on May 9 and then planting. Planting 
occurred in bare soil. For the kura clover living mulch system, corn was no-till planted into 
herbicide suppressed kura clover; Roundup 2.3 L ha "1 and with Dicamba 70 g ha 1 was 
sprayed prior to corn planting. Applied herbicide rates were based on previous research 
(Zemenchik et al., 2000). 
Corn was planted perpendicular to the slope with hybrid Dairyland Seeds 1099 
(Roundup resistant) on May 9, 2001. Planting depth was approximately S -cm, and the 
planter rate setting was about 74000 seeds ha 1. The kura clover—corn plots were also 
treated with Hornet in a 25-cm band application centered on the row immediately aver 
planting. Nitrogen as ammonium nitrate was sprayed at 5 0 kg ha" 1 on June 22 . 
Passive runoff collectors were developed for measuring sediment movement and 
water runoff from plots in this study (Fig. 3.1.) 
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Figure 3.1. In-field passive collector in early spring 
The collector's main parts are the following; front pan (A), sediment tray (B), and the 
water sampling outlet (C). The front pan received the runoff water from the field and directs 
it into the collector. The water flows into a rectangular basin that is approximately 25-cm 
long, 15-cm wide and 5-cm deep. Water movement slows as it enters this basin. Sediment 
carried in the water settles as the water slows. As the sediment basin overflows, water flows 
down slope and contacts a vertical metal plate. The plate acts as a dam, blocking the flow of 
water down slope. The plate has nine v-notches cut in the top at equally spaced distances 
between each. Each notch is 0.5-cm deep. As water rises behind the plate, water flows 
through the notches and proceeds down slope in the collector. The notches divide the water 
for subsampling in the next section of the collector. Approximately 10% of water flowing 
across this notched plate flows through a narrow shoot into the next collector section, and 
90% is discarded through holes in the collector bottom. The 10% of incoming flow that 
went through the shoot is again subdivided as described previously, with approximately 
10% of this subdivided flow being collected as the runoff sample. The sample was collected 
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in a four-liter bottle and ranged from one to five percent of the runoff water that entered the 
front pan, depending on the collector being considered. 
Performance consistency and calibration were tested in the laboratory and in the field. 
Tests were performed for collection volume consistency with given inflow rates of water. 
Acceptable collector performance meant that for a given collector slope and inflow rate the 
volume of water collected per unit time remained relatively constant with time. To test 
consistency, a common inflow rate was used with 2 and 4% collector slopes. Outflow was 
collected every 5-minutes fora 15-minute period. 
In May 2001, aver planting corn, four passive runoff water and sediment collectors 
were placed to the field (Fig. 3.1). After laboratory and field observation, the collectors 
were modified for better performance. Modification included placing mop strings through 
the V-notches to reduce the effect of surface water tension as flow initiated through the 
notches. Each plot had one collector at the dov~mhill edge of the plot. The collectors were 
designed to collect 1 % of the runoff coming from an isolated area upslope from the 
collector. This area was 7-m by 1.6-m and was isolated from the surrounding plot area with 
sheet metal borders that were driven into the ground. The metal borders eliminated water 
runoff or water run-on to the test area. 
Field calibration occurred several times during the cropping season. A known water 
volume was introduced into the upper section of the collector at different inflow rates. The 
percent of the introduced water that was collected at the outlet was used as the calibration 
factor for that collector. That is, the percentage of the runoff that was collected during 
rainfall and runoff events was assumed to equal the calibration factor obtained during the 
field calibration test. The calibration factors ranged between 1.8 to 2.2%, depending on the 
collector. 
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Sediment trapping calibration was conducted in the laboratory at Iowa State 
University. A known concentration of water and soil was introduced to the collector and 
after water flow ceased, the quantity of sediment deposited in different areas of the collector 
was measured. The sediment tray collected 87.2%, 3.7% was deposited behind the upper 
and lower notches, and 0.18% of the sediment was deposited at the outlet of the collector. 
In the field plots, water and sediment sampling was done after each runoff event from 
June 2001 through April 2002. Vacuum flasks and a hand held vacuum pump was used to 
vacuum sediment from the sediment deposition positions to collection jars. To more 
efficiently empty the sediment trap a known volume of distilled water was added to the trap 
after the initial vacuuming, and a second vacuuming/cleaning was conducted. All samples 
were collected in one liter or one gallon plastic bottles and stored in a freezer prior to 
analysis. 
Seventeen runoff events occurred during the 11-month time period. Samples were 
collected after each event. The goal was to determine relative differences between 
treatments and the events. For this study nine rainfall events were chosen for analysis, one 
from each month, starting with July 2001 and ending in April 2002. Every month an event 
was chosen when all the four collectors had measurable samples collected. 
Each sample was thawed in the laboratory and weighed using a Tara balance. The 
weight of the empty bottles was measured before the fieldwork with the same Tara balance. 
Because two different analyses (sediment quantity and phosphorus concentration) were 
being made on the field samples, two subsamples from each field sample were required. 
Preliminary subsampling tests indicated that to obtain a representative sample of 
water and sediment from a field bottle containing water and sediment, simultaneous 
withdrawal of sediment and water samples from different depths must occur immediately 
after stirring. For this subsampling procedure, two subsamplers were designed and used to 
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remove a representative subsample from the field-collected samples. Subsamples were 
removed by vacuum (Fig 3.2). 
y SO 
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Figure 3.2. Subsampler for obtaining sediment and water 
quality samples 
Different lengths of glass tubes were joined to a common plastic tube that was 
attached to a vacuum flask. Samples were stirred and immediately the glass tubes were 
inserted to the sample. The vacuum was turned on and the glass tubes positioned at different 
depths withdrew water and sediment for soluble and total phosphorus analysis. Total and 
soluble phosphorus were determined at the Minnesota Valley Testing Laboratory, Nevada, 
IA using the 4500-P method of Franson et al. (1992). The rest of the sample was used for 
the sediment determination trial using the 2540 D drying method (American Public Health 
Association et al., 1995). 
For the total sediment load calculation only the samples from the sediment tray were 
used. Assuming that the concentration of the subsample obtained with the method described 
above and the field sample are equal, the concentration and the amount of soil in the field 
sample was calculated from the subsample sediment determination. Assuming that the 
sediment tray collected 87% of the sediment entering the collector (from the laboratory 
sediment calibration trial), sediment weights were adjusted to account for the 13% of the 
sediment by-passing the sediment tray. For the total runoff calculations the water samples 
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from the outlet of the collector and the sediment tray were used. Estimates of total water 
runoff entering the collector were based on the results of the field calibrations. 
Phosphorus chemical data were reported on a volume basis. Thus, the sediment and 
runoff data were also converted from weight measures to volume. Based on the phosphorus 
concentration and the volume of water and sediment, total phosphorus losses were 
calculated. 
Data were analyzed with an analysis of variance procedure. Differences were 
considered significant if the probability of a greater F value was < 0.10. 
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RESULTS AND DISCUSSION 
Laboratory Collector Test 
Collector consistency results performed in the laboratory are shown in Figure 3.3. 
Water was collected from the water sampling outlet when the collector was set at two 
different slopes and water was introduced to the upper end of the collector 
Figure 3.3. Test of collector consistency 
As the different sections of the collector filled with water and flow stability through 
each section was reached, outflow stability was also reached. Initial wetting of collector 
resulted in increased water collection for the steeper slope. However, this stabilized after 
more than three liters entered the collector. Quantity of outflow seemed sensitive to slope 
changes in the collector. However, this is not important as the collectors were maintained at 
given slope for the duration of the field trial and each collector was field calibrated for the 
slope at which it was set. The initial outflow variability also was of minor concern because 
most field runoff events involve orders of magnitude more water entering a collector than 
that required for filling collector sections and stabilizing flow through the system (three 
liters). That is, the variability found within the first few liters of water entering the collector 
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would be masked by the subsequent larger volume of water entering throughout the 
duration of the runoff event. This initial test (based on the observed stabilized flow) 
suggested the collectors were suitable for field installation. 
Table 3.1. Runoff, sediment, total phosphorus and dissolved phosphorus delivery for nine 
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TRT 1 TRT 2 
07-27-01 8.9 95.8 4.4 43968 42519 66370 121738 23893 88310 
08-03-01 58.4 104.6 12 38181 27750 77030 42881 27451 21495 
09-11-01 20.8 85.3 8.1 8744 32464 42518 29670 7548 21652 
12-21-01 10.7 7.6 9.9 47714 62749 95015 68015 64216 34250 
01-02-02 11.2 5.3 4.0 48620 53980 53873 52882 13786 18109 
02-22-02 20.9 8.9 5.3 120035 147866 102058 136541 97098 135182 
03-18-02 37.8 6.6 1.2 36508 25945 36605 30540 8568 6765 
03-29-02 5.6 14.3 9.8 59342 44373 192945 75072 40861 8858 
04-10-02 26.4 1.3 5.4 126790 106455 72857 55827 30429 21471 
Treatment 1 -conventionally tilled corn. Treatment 2 -corn-kura clover living mulch system 
Sediment Loss 
Sediment, runoff, total phosphorus and dissolved phosphorus in the runoff samples are 
given in Table 3.1. For statistical analysis sediment data were log transformed to improve 
the normality of the distribution of the error residuals. Figure 3.4 shows the untransformed 
sediment data set displaying mean treatment values through the sampling period. 
Treatments, averaged across the nine dates significantly (P<0.1) affected quantity of 
sediment collected (Table 3.2). 
Table 3.2. Statistical analysis for sediment loss 
Source DF Type III SS Mean Square F Value Pr > F 
Date 8 19.91279003 2.48909875 1.93 0.1253 
Treatment 1 4.64345832 4.64345832 3.60 0.0760* 
Date*Treatment 8 9.07804791 1.13475599 0.88 0.5535 
* significant at P<0.1 level of probability 
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Figure 3.4 suggests that a treatment by date interaction may exist (P<0.1), however 
this was not statistically significant (Table 3.2). Kura clover living mulch treatment 
efficiently reduced sediment loss from these plots throughout this time period. Kura clover 
living mulch plant material reduces raindrop energy that is released when raindrops hit the 
ground, which is particularly important in the absence of a full corn canopy (Baumhardt and 
Lascano, 1996). During the summer's months with a full corn crop canopy the 
conventionally tilled corn treatment had average sediment losses from approximately 8 to 
20 times greater than that for the kura clover living mulch treatment. Higher conventional 
tillage corn treatment sediment losses were likely due to less residue, greater soil 
detachment from raindrop impact, and greater soil detachment from over land flow. It is 
prudent to recognize these rather large differences occurring during the summer months 
relative to the smaller differences in the falUwinter period. 
It also should be noted that the sediment losses are quite low for both treatments. 
Total Losses, even for the clean tilled treatment, are only slightly greater than 3 00 kg ha 1
across the nine rainfall events. Four potential reasons exist for these low losses. First, soil 
conditions and rainfall characteristics were not. conducive to large soil losses. Second, all 
runoff events are not detailed in this paper and larger losses could have occurred at other 
times, but this did not occur as the collectors were monitored throughout the period and all 
events with substantial runoff were reported. Third, the runoff plots were only about 1/3 the 
length of standard runoff plots used for development and testing of the LISLE (Wischmeier 
and Smith, 1978). Reducing slope length has a dramatic effect on lowering soil losses. 
Fourth, the collectors were not sufficiently calibrated for collection in the months of May 
and June. Although runoff occurred in these months, marginal confidence in collector 
calibration and field methodology precluded use of these measures for this analysis. 
Observations during this period, however, were similar to those observed later in the 
summer. Comparable losses may have occurred during this period as that for July, August, 
and September. Assuming this is realistic, losses still remain less than 1 Mg ha 1. 
40 
Figure 3.4. Treatment means for collected sediment (kg ha 1) 
Runoff
Runoff, unlike sediment loss, was not significantly affected by treatment, but was 
affected by date (Table 3.3). Runoff patterns were similar for both treatments throughout 
the period. We expected higher infiltration and lower runoff rates in the living mulch 
treatment compared with a clean tilled (plowed) treatment. Kaspar et al. (2001) however, 
reported no effect of cover crops on erosion in the first year of oat and rye cover crops when 
following soybean crops. 
Table 3.3 . Statistical analysis for runoff loss 
Source DF Type III SS Mean Square F Value Pr > F 
Date 8 42200.56573 5275.07072 29.32 <.0001 
Treatment 1 19.20070 19.20070 0.11 0.7484 
Date*Treatment 8 2102.95724 262.86965 1.46 0.2507 
* significant at P<0.1 level of probability 
Runoff normally occurs because of surface seal (or crust) development on the clean 
tilled area. Crust-free clean tilled soil could also maintain a high infiltration rate and reduce 
water runoff. Conventionally tilled corn treatments were established in highly suppressed 
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kura clover treatment stands with plowing for this experiment done only a few days prior to 
planting. A recently tilled field is much more permeable than firm, untilled land unless the 
untilled area is protected by a dense vegetation (Troeh et a1., 1999). Recently tilled soil can 
resist raindrop impact forces and development of a surface seal for several weeks (Burwell 
and Larson, 1969). The similar runoff/infiltration observed in this study is likely due to 
stable soil stnzcture that developed under kura clover prior to plowing, which allowed 
maintenance of an open pore structure similar to that existing with a living mulch. 
This study suggests the corn-kura clover living mulch system has the ability to 
efficiently prevent sediment loss compared with the conventional tillage treatment with 
similar runoff It is important to note that tillage results in reduced permeability. The more 
tillage the soil receives, the less porous it becomes with lower infiltration rate and slower 
permeability providing conditions for greater runoff (Troeh et al., 1999) Accordingly, we 
might anticipate that, had the conventionally tilled corn treatment been fall plowed, greater 
runoff would occur compared with the recently tilled soil and the corn-kura clover living 
mulch system. Wheel tracks could affect results, but in this study wheel track were 
perpendicular to the runoff direction. 
Phosphorus
The loss of phosphorus occurs in dissolved and particulate forms. Total phosphorus 
load was calculated from total sediment plus total runoff delivery volume (L ha 1) 
multiplied by the total phosphorus concentration (mg L 1). Therefore, investigation of total 
phosphorus runoff requires investigation of treatment effects on total runoff and sediment 
delivery. Total and dissolved phosphorus losses are given in Table 3.1. Treatment effects 
were not significant for total or dissolved P (Appendix B3 and B4). Concern of increased 
phosphorus loads associated with runoff following freezing of the kura clover living mulch 
seems unfounded from these data. Elevated losses with kura clover were not detected 
compared with that observed on the conventionally tilled area. Losses observed for both 
systems followed similar patterns and are within the range of phosphorus losses reported in 
other studies (Logan, 1990). 
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Sediment losses seem to be more affected by treatment during the three summer 
months than winter months (Fig. 3.4). Because of these differences, and the relationship of 
phosphorus with sediment, a separate statistical analysis was run for phosphorus loss —one 
for summer months (July, August, September) and one for the remaining six dates that fell 
in the winter period. Contrary to what we expected, this data analysis indicated that within 
the winter months, treatment significantly affected total phosphorus losses (Table 3.4), but 
not soluble phosphorus losses. No significant treatment effect was observed during the 
summer months, which is contrary to the pattern in soil erosion losses observed. 
It is also interesting to note that phosphorus loss patterns in the late winter period did 
not follow sediment or runoff loss patterns during the same time. The effect of tillage on 
soil permeability can be beneficial, especially early ai~er the tillage operation. However, the 
opened and/or bare soil surface may provide a better condition for external loss due to 
sediment and runoff loss once surface sealing occurs. This coupled with freezing and 
thawing of the uncovered surface may enhance soil phosphorus loss associated with runoff 
in the winter months. It seems the net effect of the kura clover living mulch was to reduce 
phosphorus loss compared to the bare tilled surface, at least during the late winter months. 
Table 3.4. Statistical analysis for winter total phosphorus loss 
Effect 
Num Den 













* significant at P<0.1 level of probability 
43 
CONCLUSIONS 
There were treatment effects on sediment loss and phosphorus losses. Kura clover 
living mulch reduced sediment loss —and most of this difference occurred during the 
summer months. Sediment losses associated with a freshly tilled kura clover soil or a kura 
clover living mulch are lower than would be expected for most conventionally managed 
corn production systems. Water runoff losses for freshly tilled soil that supported a vigorous 
kura clover crop prior to tilling and soil supporting a vigorous kura clover living mulch 
were similar. Phosphorus losses observed for both systems followed similar patterns for 
much of the year and are within the range of phosphorus losses reported in other studies 
(Logan, 1990). Kura clover living mulch reduced total phosphorus losses, but only in the 
late winter period, and in no situation did kura clover increase phosphorus losses. 
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C~iAPTER 4. GENERAL CONCLUSIQNS 
13C isotope analysis allowed good separation of corn and kura roots from field 
samples, suggesting that the use of carbon isotope analysis is a suitable method to 
discriminate C4 and C3 root materials from field samples. The method detected expected 
root growth patterns, i.e. reduced corn root mass with depth and distance from the plant, 
while also detecting varying amounts of kura clover roots in samples. 
Neither corn root mass nor corn root mass distribution was affected by kura clover 
suppression methods. Concurrently, the two different suppression treatments failed to cause 
a significant difference in kura clover root and/or rhizome growth distribution. 
The negative yield changes with this system cannot be attributed to changes in corn 
root growth patterns. Meanwhile it can not be stated either that there is no belowground 
competition far limited resources. A treatment with total absence of kura clover and 
associate root growth could possibly provide a broader background to answer this 
questions. 
Evidence indicates that kura clover living mulch reduced erosion all year around, 
especially during summer and tended to reduce total phosphorus losses during late winter. 
Evidence also indicates that the corn/kura clover cropping system is an environmentally 
favorable system. The system has potentials to provide a solution for the Upper Mississippi 
Valley's special topography preventing erosion, conserving soil productivity, and 
preserving water quality. 
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APPENDIX A. DATA FOR CF[APTER 2 
A1. BULK DENSITY 
Split Plot Analysis for bulk density 
The Mixed Procedure 












DF F Value Pr > F 
5.96 0.78 0.4114 
184 2.28 0.1055 
184 0.74 0.4785 
184 16.77 <.0001 
184 0.07 0.7863 
185 1.02 0.3641 
185 1.67 0.1904 
Least Squares Means 
Standard 
Effect depth Estimate Error DF t Value Pr > (t~ 
depth 1 1.2516 0.01659 7.33 75.46 <.0001 
depth 2 1.2939 0.01656 7.28 78.14 <.0001 
Differences of Least Squares Means 
Standard 
Effect depth depth Estimate Error DF t Value Pr > ~t~ 
depth 1 2 -0.04229 0.01033 184 -4.10 <.0001 
A2. SPLIT PLOT ANALYSIS FOR CORN 
Split Plot Analysis for In corn 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
Effect DF DF 
treatment 1 6.26 
distance 2 32.2 
treatment*distance 2 32.2 
depth 1 30.3 
treatment*depth 1 30.3 
distance*depth 2 30.7 
treatm*distanc*depth 2 30.7 
Least Squares Means 









Effect distance depth Estimate Error DF t Value Pr > ~ti 
distance 0 -1.1848 0.2021 
distance 19 -1.7787 0.2031 
distance 38 -1.8978 0.2171 
depth 1 -1.2617 0.1713 
depth 2 -1.9792 0.1696 
26.9 -5.86 <.0001 
25 -8.76 <.0001 
26.7 -8.74 <.0001 
18.3 -7.36 <.0001 
17.8 -11.67 <.0001 
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Differences of Least Squares Means 
Standard 





19 0.5939 0.2767 31.1 
38 0.7130 0.2871 31.7 
38 0.1191 0.2922 34 
2 0.7174 0.2291 30.3 
Split Plot Analysis for ln_corn 
The Mixed Procedure 
Differences of Least Squares Means 
Effect distance depth _distance _depth t Value Pr > {t► 
distance 0 19 2.15 0.0398 
distance 0 38 2.48 0.0185 
distance 19 38 0.41 0.6862 
depth 1 2 3.13 0.0038 
Differences of Least Squares Means 
Effect distance depth _distance _depth Adjustment Adj P 
distance 0 19 Tukey-Kramer 0.0964 
distance 0 38 Tukey-Kramer 0.0472 
distance 19 38 Tukey-Kramer 0.9128 
depth 1 2 Tukey-Kramer 0.0038 
A3. SPLIT PLOT ANALYSIS FOR KI;TRA CLOVER 
Split Plot Analysis for ln_kura 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
Effect DF DF F Value Pr > F 
treatment 1 6.11 3.36 0.1157 
distance 2 31.5 0.19 0.8276 
treatment*distance 2 31.5 3.08 0.0599 
depth 1 30.1 10.66 0.0027 
treatment*depth 1 30.1 0.97 0.3317 
distance*depth 2 30.4 0.06 0.9453 
treatm*distanc*depth 2 30.4 0.80 0.4587 
Least Squares Means 
Standard 
Effect treatment distance depth Estimate Error DF 
treatment*distance 1 0 -1.7783 0.4747 20.4 
treatment*distance 1 19 -0.4995 0.4443 15.6 
treatment*distance 1 38 -0.9938 0.5490 24.6 
treatment*distance 2 0 -1.5554 0.4747 20.4 
treatment*distance 2 19 -2.3349 0.5086 23.2 
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Least Squares Means 
Effect treatment distance depth t Value Pr > ►t► 
treatment*distance 1 0 -3.75 0.0012 
treatment*distance 1 19 -1.12 0.2779 
treatment*distance 1 38 -1.81 0.0825 
treatment*distance 2 0 -3.28 0.0037 
treatment*distance 2 19 -4.59 0.0001 
Effect 
Split Plot Analysis for ln_kura 
The Mixed Procedure 
Least Squares Means 
Standard 
treatment distance depth Estimate Error DF 
treatment*distance 2 38 -1.9847 0.4579 18.1 
depth 1 -0.9605 0.2942 13.7 
depth 2 -2.0883 0.2919 13.3 
Effect 
Least Squares Means 











Obs treatment distance _treatment _distance Estimate StdErr Probt Adjp 
1 1 0 1 19 -1.2789 0.5639 0.0305 0.2371 
2 1 0 1 38 -0.7845 0.6497 0.2361 0.8299 
3 1 0 2 0 -0.2229 0.6713 0.7433 0.9994 
4 1 19 1 38 0.4943 0.6451 0.4488 0.9712 
5 1 19 2 19 1.8354 0.6753 0.0134 0.0997 
6 1 38 2 38 0.9909 0.7149 0.1797 0.7347 
7 2 0 2 19 0.7794 0.6159 0.2152 0.8009 
8 2 0 2 38 0.4293 0.5747 0.4609 0.9742 
9 2 19 2 38 -0.3501 0.6074 0.5685 0.9919 
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APPENDIX B .DATA FOR CHAPTER 3 










DF Type I SS Mean Square F Value Pr > F 
8 18782.21196 2347.77650 1.14 0.3893 
1 6938.90613 6938.90613 3.37 0.0849 
8 13262.33220 1657.79152 0.81 0.6071 
DF Type III SS Mean Square F Value Pr > F 
8 15218.38580 1902.29823 0.92 0.5223 
1 7265.72025 7265.72025 3.53 0.0786 
8 13262.33220 1657.79152 0.81 0.6071 
Source DF Type I SS Mean Square F Value Pr > F 
Date 8 19.06596214 2.38324527 1.85 0.1409 
Treatment 1 5.68009656 5.68009656 4.40 0.0521 
Date*Treatment 8 9.07804791 1.13475599 0.88 0.5535 
Source DF Type III SS Mean Square F Value Pr > F 
Date 8 19.91279003 2.48909875 1.93 0.1253 
Treatment 1 4.64345832 4.64345832 3.60 0.0760 
Date*Treatment 8 9.07804791 1.13475599 0.88 0.5535 
- Winter sediment 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 5.07 0.0118 
Treatment 1 11 1.27 0.2830 
Date*Treatment 5 11 1.56 0.2508 
- Summer sediment 
Num Den 










2 5 0.02 0.97 8 9 
1 5 2.97 0.1454 
2 5 0.01 0.9895 
DF Type I SS Mean Square F Value Pr > F 
8 41853.44861 5231.68108 29.08 <.0001 
1 22.96279 22.96279 0.13 0.7259 
8 2102.95724 262.86965 1.46 0.2507 
DF Type III SS _ Mean Square F Value Pr > F 
Date 8 42200.56573 5275.07072 29.32 <.0001 
Treatment 1 19.20070 19.20070 0.11 0.7484 
Date*Treatment 8 2102.95724 262.86965 1.46 0.2507 
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-Winter runoff - 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 36.06 <.0001 
Treatment 1 11 0.00 0.9457 
Date*Treatment 5 11 1.85 0.1840 
-Summer runoff - 
Num Den 




4 1.80 0.2771 
4 0.18 0.6901 
4 1.25 0.3784 
B3. TOTAL PHOSPHORUS 




18666702619 2333337827 0,74 0.6576 
9022 9022 0.00 0.9987 
11327824777 1415978097 0.45 0.8719 




18385200790 2298150099 0.73 0.6660 
132181805 132181805 0.04 0.8408 
11327824777 1415978097 0.45 0.8719 
- Winter Total Phosphorus 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 9.06 0.0013 
Treatment 1 11 5.76 0.0352 
Date*Treatment 5 11 4.14 0.0232 
- Summer Total Phosphorus 
Num Den 
Effect DF DF F Value Pr > F 
Date 2 4 2.51 0.1968 
Treatment 1 4 0.00 0.9511 
Date*Treatment 2 4 1.99 0.2516 
B4. DISSOLVED PHOSPHORUS 
Source DF Type I SS Mean Square F Value Pr > F 
Date 8 3034037437 379254680 0.56 0.7932 
Treatment 1 55227237 55227237 0.08 0.7794 
Date*Treatment 8 3762623611 470327951 0.69 0.6914 
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Source DF Type III SS Mean Square F Value Pr > F 
Date 8 2675530833 334441354 0.49 0.8411 
Treatment 1 87233485 87233485 0.13 0.7250 
Date*Treatment 8 3762623611 470327951 0.69 0.6914 
- Winter Dissolved Phosphorus 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 6.21 0.0057 
Treatment 1 11 0.14 0.7158 
Date*Treatment 5 11 0.65 0.6648 
- Summer Dissolved Phosphorus 
Num Den 
Effect DF DF F Value Pr > F 
Date 2 4 5.75 0.0666 
Treatment 1 4 3.56 0.1323 
Date*Treatment 2 4 6.14 0.0603 
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APPENDIX C . ADDITIONAL DATA 
Data for bulk density 
Obs bulk density rep treatment depth distance ln_bd 
1 1.25 1 1 1 0 0.22314 
2 1 1 1 0 
3 1 1 1 0 
4 1.211 1 1 1 0 0.19145 
5 1.2895 1 1 1 0 0.25425 
6 1.34 1 1 1 19 0.29267 
7 1.39 1 1 2 19 0.32930 
8 1 1 1 19 
9 1.61 1 1 1 19 0.47623 
10 1.39 1 1 1 19 0.32930 
11 1.32 1 1 1 38 0.27763 
12 1.32 1 1 1 38 0.27763 
13 1.34 1 1 1 38 0.29267 
14 1.29 1 1 1 38 0.25464 
15 1.35 1 1 1 38 0.30010 
16 1.3 1 1 2 0 0.26236 
17 1 1 2 0 
18 1.298 1 1 2 0 0.26082 
19 1.3128 1 1 2 0 0.27216 
20 1.4166 1 1 2 0 0.34826 
21 1.34 1 1 2 19 0.29267 
22 1.34 1 1 2 19 0.29267 
23 1.38 1 1 2 19 0.32208 
24 1.43 1 1 2 19 0.35767 
25 1.35 1 1 2 19 0.30010 
26 1.27 1 1 2 38 0.23902 
27 1.39 1 1 2 38 0.32930 
28 1.36 1 1 2 38 0.30748 
29 1.37 1 1 2 38 0.31481 
30 1.33 1 1 2 38 0.28518 
31 1.3 2 1 1 0 0.26236 
32 2 1 1 0 
33 1.219 2 1 1 0 0.19803 
34 1.2745 2 1 1 0 0.24255 
35 1.3236 2 1 1 0 0.28036 
36 1.47 2 1 1 19 0.38526 
37 1.36 2 1 1 19 0.30748 
38 1.11 2 1 1 19 0.10436 
39 1.42 2 1 1 19 0.35066 
40 1.3 2 1 1 19 0.26236 
41 2 1 1 38 
42 1.04 2 1 1 38 0.03922 
43 1.34 2 1 1 38 0.29267 
44 1.35 1 1 1 38 0.30010 
45 1.33 2 1 2 19 0.28518 
46 1.36 2 1 2 0 0.30748 
47 2 1 2 0 . 
48 1.2177 2 1 2 0 0.19696 
49 1.3026 2 1 2 0 0.26436 
50 2 1 2 0 . 
51 1.31 2 1 2 19 0.27003 
52 1.42 2 1 2 19 0.35066 
53 1.2 2 1 2 19 0.18232 
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54 2 1 2 19 
55 1.36 2 1 2 19 0.30748 
56 2 1 2 38 
57 1.29 2 1 2 38 0.25464 
58 1.3 2 1 2 38 0.26236 
59 1.38 2 1 2 38 0.32208 
60 1.3 2 1 2 38 0.26236 
61 1.3 3 1 1 0 0.26236 
62 3 1 1 0 
63 1.292 3 1 1 0 0.25619 
64 1.2463 3 1 1 0 0.22018 
65 1.0904 3 1 1 0 0.08654 
66 1.31 3 1 1 19 0.27003 
67 1.26 3 1 1 19 0.23111 
68 1.38 3 1 1 19 0.32208 
69 1.33 3 1 1 19 0.28518 
70 1.29 3 1 1 19 0.25464 
71 1.26 3 1 1 38 0.23111 
72 3 1 1 38 
73 1.3 3 1 1 38 0.26236 
74 1.17 3 1 1 38 0.15700 
75 3 1 1 38 
76 1.36 3 1 2 0 0.30748 
77 3 1 2 0 
78 1.2499 3 1 2 0 0.22306 
79 1.3814 3 1 2 0 0.32310 
80 1.3112 3 1 2 0 0.27094 
81 1.34 3 1 2 19 0.29267 
82 1.51 3 1 2 19 0.41211 
83 1.3 3 1 2 19 0.26236 
84 1.35 3 1 2 19 0.30010 
85 1.3 3 1 2 19 0.26236 
86 1.39 3 1 2 38 0.32930 
87 1.37 3 1 2 38 0.31481 
88 1.17 3 1 2 38 0.15700 
89 1.22 3 1 2 38 0.19885 
90 1.37 2 1 2 38 0.31481 
91 1.2 4 1 1 0 0.18232 
92 4 1 1 0 
93 1.16 4 1 1 0 0.14842 
94 1.1383 4 1 1 0 0.12954 
95 1.212 8 4 1 1 0 0.192 93 
96 1.11 4 1 1 19 0.10436 
97 1.14 4 1 1 19 0.13103 
98 1.16 4 1 1 19 0.14842 
99 1.14 4 1 1 19 0.13103 
100 1.19 4 1 1 19 0.17395 
101 1.21 4 1 1 38 0.19062 
102 1.22 4 1 1 38 0.19885 
103 1.13 4 1 1 38 0.12222 
104 1.19 4 1 1 38 0.17395 
105 1.24 4 1 1 38 0.21511 
106 1.33 4 1 2 0 0.28518 
107 4 1 2 0 
108 1.3145 4 1 2 0 0.27346 
109 1.1112 4 1 2 0 0.10544 
110 1.3052 4 1 2 0 0.26636 
111 1.19 4 1 2 19 0.17395 
112 1.2 4 1 2 19 0.18232 
113 4 1 2 19 
114 1.12 4 1 2 19 0.11333 
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115 4 1 2 19 
116 1.34 4 1 2 38 0.29267 
117 4 1 2 38 
118 4 1 2 38 . 
119 1.31 4 1 2 19 0.27003 
120 4 1 2 38 
121 1.29 1 2 1 0 0.25464 
122 1 2 1 0 
123 1 2 1 0 . 
124 1.21 1 2 1 0 0.19062 
125 1.2301 1 2 1 0 0.20710 
126 1.21 1 2 1 19 0.19062 
127 1.25 1 2 1 19 0.22314 
128 1.2 1 2 1 19 0.18232 
129 1.23 1 2 1 19 0.20701 
130 1.22 1 2 1 19 0.19885 
131 1.29 1 2 1 38 0.25464 
132 1 2 1 38 
133 1.35 1 2 1 38 0.30010 
134 1.28 1 2 1 38 0.24686 
135 1.29 1 2 1 38 0.25464 
136 1.39 1 2 2 0 0.32930 
137 1 2 2 0 
138 1.3606 1 2 2 0 0.30793 
139 1.2675 1 2 2 0 0.23705 
140 1.3913 1 2 2 0 0.33024 
141 1.33 1 2 2 19 0.28518 
142 1.23 1 2 2 19 0.20701 
143 1.29 1 2 2 19 0.25464 
144 1.36 1 2 2 19 0.30748 
145 1 2 2 19 
146 1.29 1 2 2 38 0.25464 
147 1.15 1 2 2 38 0.13976 
148 1.29 1 2 2 38 0.25464 
149 1.41 1 2 2 38 0.34359 
150 1.24 1 2 2 38 0.21511 
151 1.31 2 2 1 0 0.27003 
152 2 2 1 0 
153 1.225 2 2 1 0 0.20294 
154 1.1665 2 2 1 0 0.15401 
155 1.1734 2 2 1 0 0.15991 
156 1.2 2 2 1 19 0.18232 
157 1.23 2 2 1 19 0.20701 
158 1.22 2 2 1 19 0.19885 
159 1.24 2 2 1 19 0.21511 
160 1.25 2 2 1 19 0.22314 
161 1.25 2 2 1 38 0.22314 
162 1.42 2 2 1 38 0.35066 
163 1.3 2 2 1 38 0.26236 
164 1.23 2 2 1 38 0.20701 
165 1.34 2 2 1 38 0.29267 
166 1.25 2 2 2 0 0.22314 
167 2 2 2 0 
168 1.2974 2 2 2 0 0.26036 
169 1.2767 2 2 2 0 0.24428 
170 1.3541 2 2 2 0 0.30314 
171 2 2 2 19 
172 1.25 2 2 2 19 0.22314 
173 1.39 2 2 2 19 0.32930 
174 1.35 2 2 2 19 0.30010 
175 1.32 2 2 2 19 0.27763 
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176 2 2 2 38 
177 1.28 2 2 2 19 0.24686 
178 1.34 2 2 2 19 0.29267 
179 1.23 2 2 2 38 0.20701 
180 1.29 2 2 2 38 0.25464 
181 1.09 2 1 0 0.08618 
182 3 2 1 0 
183 1.205 3 2 1 0 0.18648 
184 1.2241 3 2 1 0 0.20221 
185 1.2135 3 2 1 0 0.19351 
186 1.29 3 2 1 19 0.25464 
187 1.3 3 2 1 19 0.26236 
188 3 2 1 19 
189 3 2 1 19 
190 1.22 3 2 1 38 0.19885 
191 1.21 3 2 1 38 0.19062 
192 1.22 3 2 1 38 0.19885 
193 1.25 3 2 1 38 0.22314 
194 1.27 3 2 1 38 0.23902 
195 1.18 3 2 1 38 0.16551 
196 1.35 3 2 2 0 0.30010 
197 3 2 2 0 
198 1.282 3 2 2 0 0.24842 
199 1.306 3 2 2 0 0.26697 
200 1.3542 3 2 2 0 0.30321 
201 3 2 2 19 
202 1.28 3 2 2 19 0.24686 
203 1.25 3 2 2 19 0.22314 
204 1.04 3 2 2 19 0.03922 
205 1.38 3 2 2 19 0.32208 
206 1.33 3 2 2 38 0.28518 
207 1.22 3 2 2 19 0.19885 
208 1.22 3 2 2 38 0.19885 
209 1.32 3 2 2 19 0.27763 
210 1.32 3 2 2 38 0.27763 
211 1.19 4 2 1 0 0.17395 
212 4 2 1 0 
213 1.209 4 2 1 0 0.18979 
214 1.2335 4 2 1 0 0.20986 
215 1.1986 4 2 1 0 0.18115 
216 1.18 4 2 1 19 0.16551 
217 1.21 4 2 1 19 0.19062 
218 1.28 4 2 1 19 0.24686 
219 1.28 4 2 1 19 0.24686 
220 1.22 4 2 1 19 0.19885 
221 1.13 4 2 1 38 0.12222 
222 1.24 4 2 1 38 0.21511 
223 4 2 1 38 . 
224 1.21 4 2 1 38 0.19062 
225 1.29 4 2 1 38 0.25464 
226 1.15 4 2 2 0 0.13976 
227 1.289 4 2 2 0 0.25387 
228 1.1737 4 2 2 0 0.16016 
229 1.121 4 2 2 0 0.11422 
230 1.0884 4 2 2 0 0.08471 
231 1.37 4 2 2 19 0.31481 
232 1.23 4 2 2 19 0.20701 
233 1.21 4 2 2 19 0.19062 
234 1.25 4 2 2 19 0.22314 
235 1.37 4 2 2 19 0.31481 






















Split Plot Analysis for bulk density 






Residual Variance Method 
Fixed Effects SE Method 














Class Level Information 
Levels Values 
4 1 2 3 4 
2 1 2 
3 0 19 38 
2 1 2 
Dimensions 
Covariance Parameters 
Columns in X 
Columns in Z 
Subjects 
Max Obs Per Subject 
Observations Used 










Split Plot Analysis for bulk density 
The Mixed Procedure 
Iteration History 
Iteration Evaluations -2 Res Log Like 







Convergence criteria met. 
Estimated G Matrix 
rep treatment Coll 
1 rep treatment) 1 
2 rep(treatment) 2 
3 rep(treatment) 3 
4 rep(treatment) 4 
5 rep(treatment) 1 
























7 rep(treatment) 3 2 
Estimated G Matrix 








Split Plot Analysis for bulk density 
The Mixed Procedure 
Estimated G Matrix 
Row Effect rep treatment Coll Co12 Co13 
8 rep treatment) 4 2 
Estimated G Matrix 











-2 Res Log Likelihood 
AIC (smaller is better) 
AICC (smaller is better) 





Null Model Likelihood Ratio Test 
DF Chi-Square Pr > ChiSq 
1 30.21 <.0001 
Split Plot Analysis for bulk density 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
DF DF F Value Pr > F 
treatment 1 5.96 0.78 0.4114 
distance 2 184 2.28 0.1055 
treatment*distance 2 184 0.74 0.4785 
depth 1 184 16.77 <.0001 
treatment*depth 1 184 0.07 0.7863 
distance*depth 2 185 1.02 0.3641 
treatm*distanc*depth 2 185 1.67 0.1904 
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Least Squares Means 
Standard 
Effect depth Estimate Error DF t Value Pr > It► 
depth 1 1.2516 0.01659 7.33 75.46 <.0001 
depth 2 1.2939 0.01656 7.28 78.14 <.0001 
Differences of Least Squares Means 
Standard 
Effect depth depth Estimate Error DF t Value Pr > it1 
depth 1 2 -0.04229 0.01033 184 -4.10 <.0001 
SPLIT PLOT ANALYSIS FOR CORN 
The SAS System 
t 
c k r d 
o u e i 1 1 
r r a s n n 
n a t d t _ _ 
_ _ m e a c k 
O g g r e p n o u 
b c c e n t c r r 
s m m p t h e n a 
1 0.543 1.067492 1 1 1 0 -0.61065 0.06531 
2 0.517 2.746839 1 1 1 19 -0.65971 1.01045 
3 0.714 2.985531 1 1 1 38 -0.33687 1.09378 
4 0.36 0.383384 1 1 2 0 -1.02165 -0.95872 
5 0.083 0.133551 1 1 2 19 -2.48891 -2.01327 
6 0.273 0.221923 1 1 2 38 -1.29828 -1.50542 
7 0.37 0.0507 2 1 1 0 -0.99425 -2.98183 
8 0.305 1.829591 2 1 1 19 -1.18744 0.60409 
9 0.244 0.354225 2 1 1 19 -1.41059 -1.03782 
10 0.075 0.04 2 1 2 0 -2.59027 -3.21888 
11 0.374 0.657552 2 1 2 19 -0.98350 -0.41923 
12 0.249 0.305984 2 1 2 19 -1.39030 -1.18422 
13 2.752696 3 1 1 0 1.25476 1.01258 
14 0.261 1.354757 3 1 1 19 -1.34323 0.30362 
15 0.111 2.732202 3 1 1 38 -2.19823 1.00511 
16 0.13 0.0343 3 1 2 0 -2.04022 -3.37261 
17 0.261 0.24322 3 1 2 19 -1.34323 -1.41379 
18 0.032 0.118091 3 1 2 38 -3.44202 -2.13630 
19 0.488 0.253992 4 1 1 0 -0.71744 -1.37045 
20 0.08 0.536249 4 1 1 19 -2.52573 -0.62316 
21 0.061 0.054 4 1 1 38 -2.79688 -2.91877 
22 0.127 0.0333 4 1 2 0 -2.06357 -3.40220 
23 0.318 0.523651 4 1 2 19 -1.14570 -0.64693 
24 0.19 0.341064 4 1 2 38 -1.66073 -1.07569 
25 0.32926 0.193686 1 2 1 0 -1.11091 -1.64152 
26 0.118085 0.0351 1 2 1 19 -2.13635 -3.34955 
27 0.556957 0.28522 1 2 1 38 -0.58527 -1.25449 
28 0.443279 0.498037 1 2 2 0 -0.81356 -0.69708 
29 0.0487 0.0241 1 2 2 19 -3.02208 -3.72554 
30 0.350519 0.590625 1 2 2 38 -1.04834 -0.52657 
31 0.244798 0.105886 2 2 1 0 -1.40732 -2.24539 
32 0.234032 0.163962 2 2 1 19 -1.45230 -1.80812 
33 0.0792 0.0469 2 2 1 38 -2.53578 -3.05974 
34 0.136124 0.0985 2 2 2 0 -1.99419 -2.31770 
60 
35 0.0602 0.0456 2 2 2 19 -2.81008 -3.08785 
36 0.0344 0.00936 2 2 2 38 -3.36970 -4.67131 
37 0.335679 0.272968 3 2 1 0 -1.09160 -1.29840 
38 0.297147 0.151209 3 2 1 38 -1.21353 -1.88909 
39 0.102791 0.142337 3 2 1 38 -2.27506 -1.94956 
40 0.114023 0.0806 3 2 2 0 -2.17136 -2.51826 
41 0.0821 0.136706 3 2 2 19 -2.49982 -1.98992 
42 0.247381 0.168197 3 2 2 38 -1.39683 -1.78262 
43 0.522601 0.397419 4 2 1 0 -0.64894 -0.92276 
44 0.405289 1.175006 4 2 1 19 -0.90315 0.16127 
45 0.342986 1.885323 4 2 1 38 -1.07007 0.63410 
46 0.392087 0.44822 4 2 2 0 -0.93627 -0.80247 
47 0.076 0.0395 4 2 2 19 -2.57702 -3.23145 
48 0.0659 0.0566 4 2 2 38 -2.71962 -2.87175 
Split Plot Analysis for In corn 






Residual Variance Method 
Fixed Effects SE Method 














Class Level Information 
Levels Values 
4 1 2 3 4 
2 1 2 
3 0 19 38 
2 1 2 
Dimensions 
Covariance Parameters 
Columns in X 
Columns in Z 
Subjects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 
Split Plot Analysis for ln_corn 
The Mixed Procedure 
Iteration History 




















Estimated G Matrix 
Row Effect rep treatment Coll Co12 Co13 
1 rep treatment) 1 1 0.02222 
2 rep(treatment) 2 1 0.02222 
3 rep(treatment) 3 1 0.02222 
4 rep(treatment) 4 1 
5 rep(treatment) 1 2 
6 rep(treatment) 2 2 
7 rep treatment) 3 2 
Estimated G Matrix 









Split Plot Analysis for In corn 
The Mixed Procedure 
Estimated G Matrix 
rep treatment Coll Colt Co13 
8 rep treatment) 4 2 
Estimated G Matrix 










-2 Res Log Likelihood 101.9 
AIC (smaller is better) 105.9 
AICC (smaller is better) 106.3 
BIC (smaller is better) 106.1 
Null Model Likelihood Ratio Test 
DF Chi-Square Pr > ChiSq 
1 0.10 0.7487 
Split Plot Analysis for ln_corn 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
62 
Effect DF DF F Value Pr > F 
treatment 1 6.26 0.89 0.3798 
distance 2 32.2 3.71 0.0354 
treatment*distance 2 32.2 0.96 0.3935 
depth 1 30.3 9.80 0.0038 
treatment*depth 1 30.3 0.02 0.8980 
distance*depth 2 30.7 0.53 0.5952 
treatm*distanc*depth 2 30.7 2.47 0.1012 
Least Squares Means 
Standard 
Effect distance depth Estimate Error DF t Value Pr > Itl 
distance 0 -1.1848 0.2021 26.9 -5.86 <.0001 
distance 19 -1.7787 0.2031 25 -8.76 <.0001 
distance 38 -1.8978 0.2171 26.7 -8.74 <.0001 
depth 1 -1.2617 0.1713 18.3 -7.36 <.0001 
depth 2 -1.9792 0.1696 17.8 -11.67 <.0001 
Differences of Least Squares Means 
Standard 





19 0.5939 0.2767 31.1 
38 0.7130 0.2871 31.7 
38 0.1191 0.2922 34 
2 0.7174 0.2291 30.3 
Split Plot Analysis for In corn 
The Mixed Procedure 
Differences of Least Squares Means 
Effect distance depth distance depth t Value Pr > It! 
distance 0 19 2.15 0.0398 
distance 0 38 2.48 0.0185 
distance 19 38 0.41 0.6862 
depth 1 2 3.13 0.0038 
Differences of Least Squares Means 
Effect distance depth _distance _depth Adjustment Adj P 
distance 0 19 Tukey-Kramer 0.0964 
distance 0 38 Tukey-Kramer 0.0472 
distance 19 38 Tukey-Kramer 0.9128 
depth 1 2 Tukey-Kramer 0.0038 
SPLIT PLOT ANALYSIS FOR KURA CLOVER 
Split Plot Analysis for In kura 










Residual Variance Method 
Fixed Effects SE Method 






Class Level Information 
Class Levels Values 
rep 4 1 2 3 4 
treatment 2 1 2 
distance 3 0 19 38 
depth 2 1 2 
Dimensions 
Covariance Parameters 
Columns in X 
Columns in Z 
Subj ects 
Max Obs Per Subject 
Observations Used 
Observations Not Used 
Total Observations 
Split Plot Analysis for In kura 
The Mixed Procedure 
Iteration History 







Convergence criteria met. 












Row Effect rep treatment Coll Colt Co13 
1 rep treatment) 1 1 0.2094 
2 rep(treatment) 2 1 0.2094 
3 rep treatment) 3 1 0.2094 
4 rep treatment) 4 1 
5 rep(treatment) 1 2 
6 rep(treatment) 2 2 
7 rep(treatment) 3 2 
Estimated G Matrix 










Split Plot Analysis for In kura 
The Mixed Procedure 
Estimated G Matrix 
rep treatment Coll Colt Co13 
8 rep(treatment) 4 2 
Estimated G Matrix 










-2 Res Log Likelihood 134.1 
AIC (smaller is better) 138.1 
AICC (smaller is better) 138.4 
BIC (smaller is better) 138.2 
Null Model Likelihood Ratio Test 
DF Chi-Square Pr > ChiSq 
1 1.18 0.2782 
Split Plot Analysis for In kura 
The Mixed Procedure 




Effect DF DF F Value Pr > F 
treatment 1 6.11 3.36 0.1157 
distance 2 31.5 0.19 0.8276 
treatment*distance 2 31.5 3.08 0.0599 
depth 1 30.1 10.66 0.0027 
treatment*depth 1 30.1 0.97 0.3317 
distance*depth 2 30.4 0.06 0.9453 
treatm*distanc*depth 2 30.4 0.80 0.4587 
Least Squares Means 
Standard 
Effect treatment distance depth Estimate Error DF 
treatment*distance 1 0 -1.7783 0.4747 20.4 
treatment*distance 1 19 -0.4995 0.4443 15.6 
treatment*distance 1 38 -0.9938 0.5490 24.6 
treatment*distance 2 0 -1.5554 0.4747 20.4 
treatment*distance 2 19 -2.3349 0.5086 23.2 
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Least Squares Means 
Effect treatment distance depth t Value Pr > ItI 
treatment*distance 1 0 -3.75 0.0012 
treatment*distance 1 19 -1.12 0.2779 
treatment*distance 1 38 -1.81 0.0825 
treatment*distance 2 0 -3.28 0.0037 
treatment*distance 2 19 -4.59 0.0001 
Split Plot Analysis for ln_kura 
The Mixed Procedure 
Least Squares Means 
Effect 
Standard 





38 -1.9847 0.4579 18.1 
1 -0.9605 0.2942 13.7 
2 -2.0883 0.2919 13.3 
Least Squares Means 














Obs treatment distance _treatment _distance Estimate StdErr Probt Adjp 
1 1 0 1 19 -1.2789 0.5639 0.0305 0.2371 
2 1 0 1 38 -0.7845 0.6497 0.2361 0.8299 
3 1 0 2 0 -0.2229 0.6713 0.7433 0.9994 
4 1 19 1 38 0.4943 0.6451 0.4488 0.9712 
5 1 19 2 19 1.8354 0.6753 0.0134 0.0997 
6 1 38 2 38 0.9909 0.7149 0.1797 0.7347 
7 2 0 2 19 0.7794 0.6159 0.2152 0.8009 
8 2 0 2 38 0.4293 0.5747 0.4609 0.9742 
9 2 19 2 38 -0.3501 0.6074 0.5685 0.9919 
Variable analysis of Root mass and coin envelop weight 
Root Mass 
N Mean Std Dev Minimum Maximum 
231 0.2829743 0.6153670 
Coin Envelope Weight 
0.000100000 6.7153000 
N Mean Std Dev Minimum Maximum 













1 2 3 4 
MEAN 
1 
0.54 0.37 0.49 1.40 1.07 0.05 2.75 0.25 1.03 
0 
2 0.36 0.07 0.13 0.13 0.17 0.38 0.04 0.03 0.03 O.IZ 
Heavily 
1 
suppressed 0.52 0.30 0.26 0.08 0.29 2.75 1.83 1.35 O.S4 1.61 
treatment 
19 
2 0.08 0.37 0.26 0.32 0.25 0.13 0.66 0.24 0.52 0.38 
1 
0.71 0.24 0.11 0.06 0.28 2.99 0.35 2.73 0.05 1.53 
38 
2 0.27 0.25 0.03 0.19 0.18 0.22 0.31 0.12 0.34 0.24 
1 
0.3 0.24 0.34 0.52 0.35 0.19 0.11 0.27 0.40 0.24 
0 
2 0.44 0.14 0.11 0.39 0.27 0.50 0.10 0.08 0.45 0.28 
Lightly 
1 
suppressed 0.12 0.23 0.30 0.41 0.26 0.04 0.16 0.1 S 1.18 0.38 
treatment 
19 
2 0.05 0.06 0.08 0.08 0.06 0.02 0.05 0.14 0.04 0.06 
1 
0.56 0.08 0.10 0.34 0.27 0.29 0.05 0.14 1.89 0..59 
38 
2 0.35 0.03 0.25 0.07 0.17 0.59 0.01 0.17 0.06 0.20 
~' Distance - in corn row (0 cm), 19, 3 8 cm from the corn row 
~ Depth - 1 (2. S - 10 cm) ,and 2 (12. S - 20 cm) 
Runoff 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 9 02-Jan 03-Aug 10-Apr 11-Sep 18-Mar 21-Dec 21-Jul 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 36 
NOTE: Due to missing values, only 33 observations can be used in this analysis. 
Plot of Runoff2 by Date 
The GLM Procedure 
Dependent Variable: runoff 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 17 43979.36864 2587.02168 14.38 <.0001 
67 
Error 15 2698.63249 179.90883 
Corrected Total 32 46678.00113 
R-Square Coeff Var Root MSE runoff2 Mean 
0.942186 22.46899 13.41301 59.69566 




8 41853.44861 5231.68108 29.08 <.0001 
1 22.96279 22.96279 0.13 0.7259 
8 2102.95724 262.86965 1.46 0.2507 





8 42200.56573 5275.07072 29.32 <.0001 
1 19.20070 19.20070 0.11 0.7484 
8 2102.95724 262.86965 1.46 0.2507 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 9 02-Jan 03-Aug 10-Apr 11-Sep 18-Mar 21-Dec 21-Jul 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 36 
NOTE: Due to missing values, only 34 observations can be used in this analysis. 
Plot of Sediment by Date 
The GLM Procedure 
Dependent Variable: Sediment 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 17 38983.45029 2293.14413 1.11 0.4162 
Error 16 32919.28500 2057.45531 
Corrected Total 33 71902.73529 
R-Square 
0.542169 




Source DF Type I SS Mean Square F Value Pr > F 
Date 8 18782.21196 2347.77650 1.14 0.3893 
Treatment 1 X938.90613 6938.90613 3.37 0.0849 
Date*Treatment 8 13262.33220 1657.79152 0.81 0.6071 
Source DF Type III SS Mean Square F Value Pr > F 
Date 8 15218.38580 1902.29823 0.92 0.5223 
Treatment 1 7265.72025 7265.72025 3.53 0.0786 
68 
Date*Treatment 8 13262.33220 1657.79152 0.81 0.6071 
Log Sediment 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 9 02-Jan 03-Aug 10-Apr 11-Sep 18-Mar 21-Dec 21-Jul 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 36 
NOTE: Due to missing values, only 34 observations can be used in this analysis. 
Plot of Log Sediment by Date 
The GLM Procedure 


















Squares Mean Square F Value Pr > F 
17 33.82410661 1.98965333 1.54 0.1959 
16 20.64097691 1.29006106 
33 54.46508352 
54.29525 1.135809 2.091912 
DF Type I SS Mean Square F Value Pr > F 
8 19.06596214 2.38324527 1.85 0.1409 
1 5.68009656 5.68009656 4.40 0.0521 
8 9.07804791 1.13475599 0.88 0.5535 
DF Type III SS Mean Square F Value Pr > F 
8 19.91279003 2.48909875 1.93 0.1253 
1 4.64345832 4.64345832 3.60 0.0760 
8 9.07804791 1.13475599 0.88 0.5535 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 9 02-Jan 03-Aug 10-Apr 11-Sep 18-Mar 21-Dec 21-Jul 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 36 
NOTE: Due to missing values, only 32 observations can be used in this analysis. 
Plot of Phos_total by Date 
69 
The GLM Procedure 





R-Square Coeff Var Root MSE phos total Mean 
0.404360 73.78555 56177.79 76136.57 
DF 
Sum of 
Squares Mean Square F Value Pr > F 
17 29994536418 1764384495 0.56 0.8729 
14 44183213200 3155943800 
31 74177749618 




8 18666702619 2333337827 0.74 0.6576 
1 9022 9022 0.00 0.9987 
8 11327824777 1415978097 0.45 0.8719 





8 18385200790 2298150099 0.73 0.6660 
1 132181805 132181805 0.04 0.8408 
8 11327824777 1415978097 0.45 0.8719 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 9 02-Jan 03-Aug 10-Apr 11-Sep 18-Mar 21-Dec 21-Jul 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 36 
NOTE: Due to missing values, only 32 observations can be used in this analysis. 
Plot of Phos disolve by Date 








Squares Mean Square F Value Pr > F 
17 6851888284 403052252 0.60 0.8460 
14 9479446770 677103341 
31 16331335054 
R-Square Coeff Var Root MSE phos disolve Mean 
0.419555 99.62060 26021.21 26120.31 
~o 
Source DF Type I SS Mean Square F Value Pr > F 
Date 8 3034037437 379254680 0.56 0.7932 
Treatment 1 55227237 55227237 0.08 0.7794 
Date*Treatment 8 3762623611 470327951 0.69 0.6914 
Source DF Type III SS Mean Square F Value Pr > F 
Date 8 2675530833 334441354 0.49 0.8411 
Treatment 1 87233485 87233485 0.13 0.7250 




The Mixed Procedure 
Model Information 
Data Set WORK.RUNOFF 
Dependent Variable runoff2 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
Class Level Information 
Class Levels Values 
Date 6 02-Jan 10-Apr 18-Mar 21-Dec 
22-Feb 29-Mar 
Treatment 2 1 2 
Dimensions 
Covariance Parameters 1 
Columns in X 21 
Columns in Z 0 
Subjects 1 
Max Obs Pe r Subject 2 4 
Observations Used 23 
Observations Not Used 1 
Total Observations 24 
Covariance Parameter 
Estimates 
Cov Parm Estimate 
Residual 176.03 
Fit Statistics 
-2 Res Log Likelihood 95.7 
AIC (smaller is better) 97.7 
AICC (smaller is better) 98.2 
BIC (smaller is better) 98.1 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
71 
Effect DF DF F Value Pr > F 
Date 5 11 36.06 <.0001 
Treatment 1 11 0.00 0.9457 
Date*Treatment 5 11 1.85 0.1840 
Least Squares Means 
Standard 
Effect Date Treatment Estimate Error DF t Value Pr > ~t~ 
Date 02-Jan 51.2999 6.6338 11 7.73 <.0001 
Date 10-Apr 116.62 8.1247 11 14.35 <.0001 
Date 18-Mar 51.8575 6.6338 11 7.82 <.0001 
Date 21-Dec 55.2321 6.6338 11 8.33 <.0001 
Date 22-Feb 133.95 6.6338 11 20.19 <,0001 
Date 29-Mar 31.2264 6.6338 11 4.71 0.0006 
Treatment 1 73.1682 4.1369 11 17.69 <.0001 
Treatment 2 73.5613 3.8300 11 19.21 <.0001 
Date*Treatment 02-Jan 1 48.6198 9.3816 11 5.18 0.0003 
Date*Treatment 02-Jan 2 53.9801 9.3816 11 5,75 0.0001 
Date*Treatment 10-Apr 1 126.79 13.2675 11 9.56 <.0001 
Date*Treatment 10-Apr 2 106.45 9.3816 11 11.35 <,0001 
Date*Treatment 18-Mar 1 59.3418 9.3816 11 6.33 <.0001 
Date*Treatment 18-Mar 2 44.3732 9.3816 11 4.73 0.0006 
Date*Treatment 21-Dec 1 47.7149 9.3816 11 5.09 0.0004 
Date*Treatment 21-Dec 2 62.7492 9.3816 11 6.69 <.0001 
Date*Treatment 22-Feb 1 120.03 9.3816 11 12.79 <.0001 
Date*Treatment 22-Feb 2 147.87 9.3816 11 15.76 <.0001 
Date*Treatment 29-Mar 1 36.5081 9.3816 11 3.89 0.0025 
Date*Treatment 29-Mar 2 25.9448 9.3816 11 2.77 0.0184 
The GLM Procedure 

















Date Treatment LSMEAN 
02-Jan 1 48.619800 
OZ-Jan 2 53.980050 
10-Apr 1 126.790000 
10-Apr 2 106.454900 
18-Mar 1 59.341750 
18-Mar 2 44.373150 
21-Dec 1 47.714900 
21-Dec 2 62.749200 
22-Feb 1 120.034850 
22-Feb 2 147.865600 
29-Mar 1 36.508100 
29-Mar 2 25.944800 
season=2 
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The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 3 03-Aug 11-Sep 21-Jul 
Treatment 2 1 2 
Number of observations 12 
NOTE: Due to missing values, only 10 observations can be used in this analysis. 
Plot of Runoff2 by Date 
The GLM Procedure 
Dependent Variable: runoff2 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 5 1025.344572 205.068914 1.08 0.4852 
Error 4 7 62.327 97 4 190. 581994 
Corrected Total 9 1787.672547 
R-Square Coeff Var Root MSE runoff2 Mean 
0.573564 41.08764 13.80514 33.59926 
Source DF Type I SS Mean Square F Value Pr > F 
Date 2 540.0574658 270.0287329 1.42 0.3426 
Treatment 1 8.3614441 8.3614441 0.04 0.8443 
Date*Treatment 2 476.9256624 238.4628312 1.25 0.3784 
Source DF Type III SS Mean Square F Value Pr > F 
Date 2 685.8709416 342.9354708 1.80 0.2771 
Treatment 1 35.0496561 35.0496561 0.18 0.6901 
Date*Treatment 2 476.9256624 238.4628312 1.25 0.3784 
The GLM Procedure 















Date Treatment LSMEAN 
73 
03-Aug 1 38.1809000 
03-Aug 2 27.7508500 
11-Sep 1 8.7442000 
11-Sep 2 32.4644500 
21-Jul 1 43.9685500 
21-Jul 2 42.5189000 
Sediment 
season=l 
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 6 02-Jan 10-Apr 18-Mar 21-Dec 22-Feb 29-Mar 
Treatment 2 1 2 
Number of observations 24 
NOTE: Due to missing values, only 23 observations can be used in this analysis. 
The GLM Procedure 
Dependent Variable: Sediment 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 11 279.7745652 25.4340514 3.10 0.0370 
Error 11 90.3950000 8.2177273 
Corrected Total 22 370.1695652 
R-Square Coeff Var Root MSE Sediment Mean 
0.755801 41.57196 2.866658 6.895652 
Source DF Type I SS Mean Square F Value Pr > F 
Date 5 199.4278986 39.8855797 4.85 0.0137 
Treatment 1 16.3766667 16.3766667 1.99 0.1857 
Date*Treatment 5 63.9700000 12.7940000 1.56 0.2508 
Source DF Type III SS Mean Square F Value Pr > F 
Date 5 208.4358824 41.6871765 5.07 0.0118 
Treatment 1 10.4711538 10.4711538 1.27 0.2830 
Date*Treatment 5 63.9700000 12.7940000 1.56 0.2508 
The GLM Procedure 

















Date Treatment LSMEAN 
02-Jan 1 5.3000000 
02-Jan 2 4.0500000 
10-Apr 1 1.3000000 
10-Apr 2 5.4500000 
18-Mar 1 14.3000000 
18-Mar 2 9.8000000 
21-Dec 1 7.6500000 
21-Dec 2 9.9500000 
22-Feb 1 8.9000000 
22-Feb 2 5.3500000 
29-Mar 1 6.6500000 
29-Mar 2 1.2500000 
Plot of Sediment by DatE 
  season=2  
The GLM Procedure 
Class Level Information 
Class Levels Values 
Date 3 03-Aug 11-Sep 21-Jul 
Treatment 2 1 2 
Number of observations 12 
NOTE: Due to missing values, only 11 observations can be used in this analysis. 
The GLM Procedure 
Dependent Variable: Sediment 
Sum of 
Source DF Squares Mean Square F Value Pr > F 
Model 5 ~ 20747.94636 4149.58927 0.63 0.6866 
Error 5 32828.89000 6565.77800 
Corrected Total 
R-Square Coeff Var 
Source 
10 53576.83636 
Root MSE Sediment Mean 
0.387256 144.6486 81.02949 56.01818 
DF Type I SS Mean Square F Value Pr > F 
Date 2 627.05470 313.52735 0.05 0.9538 
Treatment 1 19981.51042 19981.51042 3.04 0.1415 
Date*Treatment 2 139.38125 69.69062 0.01 0.9895 
Source DF Type III SS Mean Square F Value Pr > F 







The GLM Procedure 




















Date Treatment LSMEAN 
03-Aug 1 104.650000 
03-Aug 2 12.000000 
11-Sep 1 85.350000 
11-Sep 2 8.100000 
21-Jul 1 95.800000 
21-Jul 2 4.400000 
season=Winter 






Residual Variance Method 
Fixed Effects SE Method 












Class Level Information 
Class Levels Values 
Date 6 02-Jan 10-Apr 18-Mar 21-Dec 
22-Feb 29-Mar 
Treatment 2 1 2 
Dimensions 
Covariance Parameters 1 
Columns in X 21 
Columns in Z 0 
Subjects 1 
Max Obs Per Subject 24 
Observations Used 23 
Observations Not Used 1 









-2 Res Log Likelihood 260.3 
AIC (smaller is better) 262.3 
AICC (smaller is better) 262.7 
BIC (smaller is better) 262.7 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 9.06 0.0013 
Treatment 1 11 5.76 0.0352 
Date*Treatment 5 11 4.14 0.0232 
Least Squares Means 
Standard 
Effect Date Treatment Estimate Error DF t Value Pr > ~t~ 
Date 02-Jan 53377 11764 11 4.54 0.0008 
Date 10-Apr 64342 14408 11 4.47 0.0010 
Date 18-Mar 134008 11764 11 11.39 <.0001 
Date 21-Dec 59059 11764 11 5.02 0.0004 
Date 22-Feb 92098 11764 11 7.83 <.0001 
Date 29-Mar 33573 11764 11 2.85 0.0157 
Treatment 1 84741 7336.45 11 11.55 <.0001 
Treatment 2 60745 6792.23 11 8.94 <,0001 
Date*Treatment 02-Jan 1 53874 16637 11 3.24 0.0079 
Date*Treatment 02-Jan 2 52881 16637 11 3.18 0.0088 
Date*Treatment 10-Apr l 72857 23529 11 3.10 0.0102 
Date*Treatment 10-Apr 2 55827 16637 11 3.36 0.0064 
Date*Treatment 18-Mar 1 192945 16637 11 11.60 <,0001 
Date*Treatment 18-Mar 2 75072 16637 11 4.51 0.0009 
Date*Treatment 21-Dec 1 50104 16637 11 3.01 0.0118 
Date*Treatment 21-Dec 2 68015 16637 11 4.09 0.0018 
Date*Treatment 22-Feb 1 102058 16637 11 6.13 <.0001 
Date*Treatment 22-Feb 2 82137 16637 11 4.94 0.0004 
Date*Treatment 29-Mar 1 36605 16637 11 2.20 0.0501 
Date*Treatment 29-Mar 2 30540 16637 11 1.84 0.0936 
season=Suu~ner 






Residual Variance Method 
Fixed Effects SE Method 











Class Level Information 
Levels Values 
3 03-Aug 11-Sep 21-Jul 
2 1 2 
~~ 
Dimensions 
Covariance Parameters 1 
Columns in X 12 
Columns in Z 0 
Subj ects 1 
Max Obs Per Subject 12 
Observations Used 10 
Observations Not Used 2 
Total Observations 12 
Covariance Parameter 
Estimates 
Cov Parm Estimate 
Residual 8.673E8 
Fit Statistics 
-2 Res Log Likelihood 96.4 
AIC (smaller is better) 98.4 
AICC (smaller is better) 100.4 
BIC (smaller is better) 97.8 
The Mixed Procedure 




Effect DF DF F Value Pr > F 
Date 2 4 2.51 0.1968 
Treatment 1 4 0.00 0.9511 
Date*Treatment 2 4 1.99 0.2516 
Least Squares Means 
Standard 
Effect Date Treatment Estimate Error DF t Value Pr > ~t~ 
Date 03-Aug 59195 14725 4 4.02 0.0159 
Date 11-Sep 37599 18034 4 2.08 0.1054 
Date 21-Jul 94054 18034 4 5.22 0.0064 
Treatment 1 62976 13883 4 4.54 0.0105 
Treatment 2 64256 13883 4 4.63 0.0098 
Date*Treatment 03-Aug 1 77030 20824 4 3.70 0.0209 
Date*Treatment 03-Aug 2 41361 20824 4 1.99 0.1180 
Date*Treatment 11-Sep 1 45528 29450 4 1.55 0.1970 
Date*Treatment 11-Sep 2 29669 20824 4 1.42 0.2273 
Date*Treatment 21-Jul 1 66369 20824 4 3.19 0.0333 
Date*Treatment 21-Jul 2 121738 29450 4 4.13 0.0144 
Diffs for Phos total 93 
Obs season Effect Date Treatment _Date _Treatment Estimate StdErr Adjp 
1 Winter Date 02-Jan _ 10-Apr _ -10965 18601 0.9897 
2 Winter Date 02-Jan _ 18-Mar _ -80631 16637 0.0051 
3 Winter Date 02-Jan _ 21-Dec _ -5681.97 16637 0.9992 
4 Winter Date 02-Jan 22-Feb -38720 16637 0.2609 




_ 19805 16637 0.8327 
6 Winter Date 10-Apr 18-Mar -69666 18601 0.0292 




_ 5282.68 18601 0.9997 
8 Winter Date 10-Apr _ 22-Feb _ -27755 18601 0.6758 
9 Winter Date 10-Apr _ 29-Mar _ 30770 18601 0.5839 
10 Winter Date 18-Mar _ 21-Dec _ 74949 16637 0.0087 
11 Winter Date 18-Mar _ 22-Feb _ 41911 16637 0.1988 
12 Winter Date 18-Mar 29-Mar 100436 16637 0.0009 
~s 
13 Winter Date 21-Dec _ 22-Feb _ -33038 16637 0.4064 
14 Winter Date 21-Dec _ 29-Mar _ 25487 16637 0.6533 
15 Winter Date 22-Feb 29-Mar 58525 16637 0.0421 
16 Winter Treatment 1 2 23995 9997.89 0.0352 
17 Winter Date*Treatment 02-Jan 1 OZ-Jan 2 992.15 23529 1.0000 
18 Winter Date*Treatment 02-Jan 1 10-Apr 1 -18984 28817 0.9998 
19 Winter Date*Treatment 02-Jan 1 18-Mar 1 -139071 23529 0.0033 
20 Winter Date*Treatment 02-Jan 1 21-Dec 1 3769.35 23529 1.0000 
21 Winter Date*Treatment 02-Jan 1 22-Feb 1 -48184 23529 0.6614 
22 Winter Date*Treatment 02-Jan 1 29-Mar 1 17268 23529 0.9996 
23 Winter Date*Treatment 02-Jan 2 10-Apr 2 -2945.40 23529 1.0000 
24 Winter Date*Treatment 02-Jan 2 18-Mar 2 -22191 23529 0.9963 
25 Winter Date*Treatment 02-Jan 2 21-Dec 2 -15133 23529 0.9999 
26 Winter Date*Treatment 02-Jan 2 22-Feb 2 -29256 23529 0.9717 
27 Winter Date*Treatment 02-Jan 2 29-Mar 2 22342 23529 0.9961 
28 Winter Date*Treatment 10-Apr 1 10-Apr 2 17031 28817 0.9999 
29 Winter Date*Treatment 10-Apr 1 18-Mar 1 -120088 28817 0.0413 
30 Winter Date*Treatment 10-Apr 1 21-Dec 1 22753 28817 0.9992 
31 Winter Date*Treatment 10-Apr 1 22-Feb 1 -29201 28817 0.9935 
32 Winter Date*Treatment 10-Apr 1 29-Mar 1 36252 28817 0.9695 
33 Winter Date*Treatment 10-Apr 2 18-Mar 2 -19245 23529 0.9989 
34 Winter Date*Treatment 10-Apr 2 21-Dec 2 -12188 23529 1.0000 
35 Winter Date*Treatment 10-Apr 2 22-Feb 2 -26310 23529 0.9864 
36 Winter Date*Treatment 10-Apr 2 29-Mar 2 25287 23529 0.98 98 
37 Winter Date*Treatment 18-Mar 1 18-Mar 2 117873 23529 0.0118 
38 Winter Date*Treatment 18-Mar 1 21-Dec 1 142841 23529 0.0027 
39 Winter Date*Treatment 18-Mar 1 22-Feb 1 90887 23529 0.0651 
40 Winter Date*Treatment 18-Mar 1 29-Mar 1 156340 23529 0.0012 
41 Winter Date*Treatment 18-Mar 2 21-Dec 2 7057.30 23529 1.0000 
42 Winter Date*Treatment 18-Mar 2 22-Feb 2 -7065.15 23529 1.0000 
43 Winter Date*Treatment 18-Mar 2 29-Mar 2 44532 23529 0.7445 
44 Winter Date*Treatment 21-Dec 1 21-Dec 2 -17 911 23529 0.9994 
45 Winter Date*Treatment 21-Dec 1 22-Feb 1 -51954 23529 0.5735 
46 Winter Date*Treatment 21-Dec 1 29-Mar 1 13499 23529 1.0000 
47 Winter Date*Treatment 21-Dec 2 22-Feb 2 -14122 23529 0.9999 
48 Winter Date*Treatment 21-Dec 2 29-Mar 2 37475 23529 0.8808 
49 Winter Date*Treatment 22-Feb 1 22-Feb 2 19921 23529 0.9985 
50 Winter Date*Treatment 22-Feb 1 29-Mar 1 654.53 23529 0.3002 
51 Winter Date*Treatment 22-Feb 2 29-Mar 2 51597 23529 0.5817 
52 Winter Date*Treatment 29-Mar 1 29-Mar 2 6065.65 23529 1.0000 
53 Summer Date 03-Aug _ 11-Sep _ 21597 23282 0.6539 
54 Summer Date 03-Aug _ 21-Jul _ -34858 23282 0.3833 
55 Summer Date 11-Sep 21-Jul _ -56455 25504 0.1823 
56 S umme r Treatment 1 2 -1280.43 19633 0.9511 
57 Summer Date*Treatment 03-Aug 1 03-Aug 2 35669 29450 0.8153 
58 S umme r Date*Treatment 03-Aug 1 11-Sep 1 31502 36069 0.9353 
59 Summer Date*Treatment 03-Aug 1 21-Jul 1 10661 29450 0.9985 
60 Summer Date*Treatment 03-Aug 2 11-Sep 2 11692 29450 0.9977 
61 Summer Date*Treatment 03-Aug 2 21-Jul 2 -80377 36069 0.3827 
62 Summer Date*Treatment 11-Sep 1 11-Sep 2 15859 36069 0.9962 
63 Summer Date*Treatment 11-Sep 1 21-Jul 1 -20841 36069 0.9874 
64 Summer Date*Treatment 11-Sep 2 21-Jul 2 -92069 36069 0.2884 
65 Summer Date*Treatment 21-Jul 1 21-Jul 2 -55369 36069 0.6674 
Phos disolve 
season=Winter 











Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
Class Level Information 
Class Levels Values 
Date 6 02-Jan 10-Apr 18-Mar 21-Dec 
22-Feb 29-Mar 
Treatment 2 1 2 
Dimensions 
Covariance Parameters 1 
Columns in X 21 
Columns in Z 0 
Subjects 1 
Max Obs Per Subject 24 
Observations Used 23 
Observations Not Used 1 
Total Observations 24 
Covariance Parameter 
Estimates 
Cov Parm Estimate 
Residual 1.0134E9 
Fit Statistics 
-2 Res Log Likelihood 266.9 
AIC (smaller is better) 268.9 
AICC (smaller is better) 269.4 
BIC (smaller is better) 269.3 
The Mixed Procedure 
Type 3 Tests of Fixed Effects 
Num Den 
Effect DF DF F Value Pr > F 
Date 5 11 6.21 0.0057 
Treatment 1 11 0.14 0.7158 
Date*Treatment 5 11 0.65 0.6648 
Least Squares Means 
Standard 
Effect Date Treatment Estimate Error DF t Value Pr > ~t~ 
Date 02-Jan 15948 15917 11 1.00 0.3379 
Date 10-Apr 25950 19494 11 1.33 0.2101 
Date 18-Mar 24860 15917 11 1.56 0.1466 
Date 21-Dec 49233 15917 11 3.09 0.0102 
Date 22-Feb 116140 15917 11 7.30 <.0001 
Date 29-Mar 7666.15 15917 11 0.48 0.6395 
Treatment 1 42493 9926.06 11 4.28 0.0013 
Treatment 2 37439 9189.75 11 4.07 0.0018 
Date*Treatment 02-Jan 1 13786 22510 11 0.61 0.5527 
Date*Treatment 02-Jan 2 18109 22510 11 0.80 0.4382 
Date*Treatment 10-Apr 1 30429 31834 11 0.96 0.3597 
Date*Treatment 10-Apr 2 21471 22510 11 0.95 0.3607 
Date*Treatment 18-Mar 1 40861 22510 11 1.82 0.0968 
Date*Treatment 18-Mar 2 8858.30 22510 11 0.39 0.7015 
Date*Treatment 21-Dec 1 64216 22510 11 2.85 0.0157 
Date*Treatment 21-Dec 2 34250 22510 11 1.52 0.1563 
80 
Date*Treatment 22-Feb 1 97098 22510 11 4.31 0.0012 
Date*Treatment 22-Feb 2 135182 22510 11 6.01 <.0001 
Date*Treatment 29-Mar 1 8567.75 22510 11 0.38 0.7107 
Date*Treatment 29-Mar 2 6764.55 22510 11 0.30 0.7694 
season=Summer 
The Mixed Procedure 
Model Information 
Data Set WORK.RUNOFF2 
Dependent Variable phos_disolve 
Covariance Structure Diagonal 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Residual 
Class Level Information 
Class Levels Values 
Date 3 03-Aug 11-Sep 21-Jul 
Treatment 2 1 2 
Dimensions 
Covariance Parameters 1 
Columns in X 12 
Columns in Z 0 
Subjects 1 
Max Obs Per Subject 12 
Observations Used 10 
Observations Not Used 2 
Total Observations 12 
Covariance Parameter 
Estimates 
Cov Parm Estimate 
Residual 2.0242E8 
Fit Statistics 
-2 Res Log Likelihood 90.6 
AIC (smaller is better) 92.6 
AICC (smaller is better) 94.6 
BIC (smaller is better) 92.0 
Type 
The Mixed 





Effect DF DF F Value Pr > F 
Date 2 4 5.75 0.0666 
Treatment 1 4 3.56 0.1323 
Date*Treatment 2 4 6.14 0.0603 
Least Squares Means 
Standard 
Effect Date Treatment Estimate Error DF t Value Pr > ~t~ 
Date 03-Aug 21325 7113.64 4 3.00 0.0400 
Date 11-Sep 20895 8712.40 4 2.40 0.0745 
Date 21-Jul 56101 8712.40 4 6.44 0.0030 
Treatment 1 23827 6706.81 4 3.55 0.0237 
Treatment 2 41720 6706.81 4 6.22 0.0034 
Date*Treatment 03-Aug 1 27451 10060 4 2.73 0.0525 
Date*Treatment 03-Aug 2 15199 10060 4 1.51 0.2054 
Date*Treatment 11-Sep 1 20137 14227 4 1.42 0.2299 
Date*Treatment 11-Sep 2 21652 10060 4 2.15 0.0977 
Date*Treatment 21-Jul 1 23893 10060 4 2.38 0.0764 
81 




4 6.21 0.0034 
99 
Obs season Effect Date Treatment _Date _Treatment Estimate StdErr Ad j p 
1 Winter Date 02-Jan _ 10-Apr -10003 25167 0.9983 
2 Winter Date 02-Jan _ 18-Mar -8912.00 22510 0.9984 
3 Winter Date 02-Jan _ 21-Dec -33285 22510 0.6833 
4 Winter Date 02-Jan _ 22-Feb 
_ 
-100193 22510 0.0095 
5 Winter Date 02-Jan _ 29-Mar 
_ 
_ 8281.45 22510 0.9989 
6 Winter Date 10-Apr _ 18-Mar 1090.65 25167 1.0000 
7 Winter Date 10-Apr _ 21-Dec 
_ 
-23282 25167 0.9317 
8 Winter Date 10-Apr _ 22-Feb 
_ 
-90190 25167 0.037 9 
9 Winter Date 10-Apr _ 29-Mar 
_ 
_ 18284 25167 0.9743 
10 Winter Date 18-Mar _ 21-Dec -24373 22510 0.8784 
11 Winter Date 18-Mar _ 22-Feb 
_ 
-91281 22510 0.0178 
12 Winter Date 18-Mar _ 2 9-Mar 
_ 
_ 17193 22510 0.9683 
13 Winter Date 21-Dec _ 22-Feb _ -66908 22510 0.1001 
14 Winter Date 21-Dec _ 29-Mar 41567 22510 0.4777 
15 Winter Date 22-Feb _ 29-Mar 
_ 
108474 22510 0.0054 
16 Winter Treatment 1 
_ 
2 5053.93 13527 0.7158 
17 Winter Date*Treatment OZ-Jan 1 02-Jan 2 -4322.40 31834 1.0000 
18 Winter Date*Treatment 02-Jan 1 10-Apr 1 -16643 38989 1.0000 
19 Winter Date*Treatment 02-Jan 1 18-Mar 1 -27075 31834 0.9984 
20 Winter Date*Treatment 02-Jan 1 21-Dec 1 -50429 31834 0.8840 
21 Winter Date*Treatment 02-Jan 1 22-Feb 1 -83312 31834 0.3681 
22 Winter Date*Treatment 02-Jan 1 29-Mar 1 5218.65 31834 1.0000 
23 Winter Date*Treatment 02-Jan 2 10-Apr 2 -3362.50 31834 1.0000 
24 Winter Date*Treatment 02-Jan 2 18-Mar 2 9250.50 31834 1.0000 
25 Winter Date*Treatment 02-Jan 2 21-Dec 2 -16141 31834 1.0000 
26 Winter Date*Treatment 02-Jan 2 22-Feb 2 -117073 31834 0.0857 
27 Winter Date*Treatment 02-Jan 2 29-Mar 2 11344 31834 1.0000 
28 Winter Date*Treatment 10-Apr 1 10-Apr 2 8957.90 38989 1.0000 
29 Winter Date*Treatment 10-Apr 1 18-Mar 1 -10432 38989 1.0000 
30 Winter Date*Treatment 10-Apr 1 21-Dec 1 -33786 38989 0.9982 
31 Winter Date*Treatment 10-Apr 1 22-Feb 1 -66669 38989 0.8328 
32 Winter Date*Treatment 10-Apr 1 29-Mar 1 21861 38989 1.0000 
33 Winter Date*Treatment 10-Apr 2 18-Mar 2 12613 31834 1.0000 
34 Winter Date*Treatment 10-Apr 2 21-Dec 2 -12778 31834 1.0000 
35 Winter Date*Treatment 10-Apr 2 22-Feb 2 -113711 31834 0.1001 
36 Winter Date*Treatment 10-Apr 2 29-Mar 2 14707 31834 1.0000 
37 Winter Date*Treatment 18-Mar 1 18-Mar 2 32003 31634 0.9939 
38 Winter Date*Treatment 18-Mar 1 21-Dec 1 -23355 31834 0.9996 
39 Winter Date*Treatment 18-Mar 1 22-Feb 1 -56238 31834 0.8070 
40 Winter Date*Treatment 18-Mar 1 29-Mar 1 32293 31834 0.9934 
41 Winter Date*Treatment 18-Mar 2 21-Dec 2 -25391 31834 0.9991 
42 Winter Date*Treatment 18-Mar 2 22-Feb 2 -126324 31834 0.0556 
43 Winter Date*Treatment 18-Mar 2 29-Mar 2 2093.75 31834 1.0000 
44 Winter Date*Treatment 21-Dec 1 21-Dec 2 29966 31834 0.9963 
45 Winter Date*Treatment 21-Dec 1 22-Feb 1 -32883 31834 0.9924 
46 Winter Date*Treatment 21-Dec 1 29-Mar 1 55648 31834 0.8156 
47 Winter Date*Treatment 21-Dec 2 22-Feb 2 -100932 31834 0.1782 
48 Winter Date*Treatment 21-Dec 2 29-Mar 2 27485 31834 0.9982 
49 Winter Date*Treatment 22-Feb 1 22-Feb 2 -38084 31834 0.9782 
50 Winter Date*Treatment 22-Feb 1 29-Mar 1 88531 31834 0.3005 
51 Winter Date*Treatment 22-Feb 2 29-Mar 2 128418 31834 0.0504 
52 Winter Date*Treatment 29-Mar 1 29-Mar 2 1803.20 31834 1.0000 
53 Summer Date 03-Aug _ 11-Sep _ 430.25 11248 0.9992 
54 Summer Date 03-Aug 21-Jul -34777 11248 0.0765 
55 Summer Date 11-Sep _ 21-Jul _ -35207 12321 0.0956 
56 Summer Treatment 1 2 -17893 9484.86 0.1323 
57 Summer Date*Treatment 03-Aug 1 03-Aug 2 12253 14227 0.9385 
58 Summer Date*Treatment 03-Aug 1 11-Sep 1 7314.25 17425 0.9970 
59 Summer Date*Treatment 03-Aug 1 21-Jul 1 3557.75 14227 0.9997 
60 Summer Date*Treatment 03-Aug 2 11-Sep 2 -6453.75 14227 0.9957 
61 Summer Date*Treatment 03-Aug 2 21-Jul 2 -73111 17425 0.0743 
62 Summer Date*Treatment 11-Sep 1 11-Sep 2 -1515.45 17425 1.0000 
63 Summer Date*Treatment 11-Sep 1 21-Jul 1 -3756.50 17425 0.9999 
64 Summer Date*Treatment 11-Sep 2 21-Jul 2 -66657 17425 0.0988 
65 Summer Date*Treatment 21-Jul 1 21-Jul 2 -64416 17425 0.1094 
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